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plied the  said  drawings,  specifications  or  other  data,  is  not  to  be  regarded 
by  implication  or  otherwise,  or  in  any  manner  licensing  the  holder  or  any  other 
person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture, 
use  or  sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 


FOREWORD 


The  Air  Launch  Instrumented  Vehicles  Evaluation  (ALIVT'])  Program,  under  Contract 
F04611-74-C-0009,  JON  314812WK  consists  of:  Program  I,  under  which  GFE  propel- 

lant and  two  SRBDM  instrumented  structural  prototype  motors  are  being  evaluated; 
and  Program  II,  starting  14  months  after  go-ahead,  which  comprises  a similar 
evaluation  of  GFE  propellant  and  three  Modular  Weapon  Instrumented  Vehicle 
(MWIV)  structural  prototype  motors.  The  primary  objective  of  the  program  is 
to  evaluate  the  effects  of  an  air-launch  environment  on  the  aging  characteris- 
tics of  two  advanced  HTPB  propellant  formulations  developed  under  Contract 
F04611-72-C-0069:  a second  objective  is  to  evaluate  several  motor  designs  in 
a representative  ^-year  air-launch  service  environment.  The  program  was  ini- 
tiated in  January  1974  and  is  scheduled  to  be  completed  in  December  1977. 

This  Final  Report  for  Program  I is  submitted  in  response  to  Data  Item  B004. 

The  Air  Force  Rocket  Propulsion  Laboratory,  Edwards,  CA  93523  is  sponsor  of  the 
contract.  Dr.  J.  L.  Trout,  AFRPL/MKPB,  is  the  Program  Monitor  and  Mr.  W.  II. 
Miller  is  Program  Manager  at  Rocketdyne-McGregor . 

This  report  has  been  reviewed  by  the  Information  Office/DOZ  and  is  releasable  to 
the  National  Technical  Information  Service  (NTIS).  At  NTIS  it  will  be  available 
to  the  general  public,  including  foreign  nations. 

This  report  is  unclassified  and  suitable  for  general  public  release. 


Project  Engineer 


FOR  THE  COMMANDER 


ft. 

Solid  Rocket  Divi 


Director 

J 


ftObtftT  ft.' hlDDlEtON7 Captain,  USAF 
Chief,  Surveillance  & Mechanical 
Behavior  Section 


I 


UNCLASSIFItP- 


SECURITV  CLASSIFICATION  OF  THIF  faGE  I'H'iFti  n»<* 


J.  p.^urton  I 


% 


EPORT  DOCUMENTATION  PAGE 


•Af  MjAlOCn 


2 GOVT  ACCFSSION  NO 


AFRPL^TR-76-1Q1 


TlTLl  rf 


AIR  launch  instrumented  VEHICLES  EVALUATIOI/ 
i ALIVE),  ' " ^ \ 


9 performing  organization  name  and  address 

Rockwell  International  Corporation 

Rocketdyne  Division 

P.O.  Box  548,  McGregor,  Texas  76657 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 


Air  Force  Rocket  Propulsion  Laboratory/MKPB 
Edwards  AFB,  CA  93523 


14  monitoring  agency  name  h address^'/ dif/er»n(  From  Controlling  Oftico) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3 PECI°'FNT'S  CATALOG  NUMBER 


Tvrr  .-.F 


Final  Report 
Janwv  V74^DecfliitaBr  76. 

pERFeRwlWWI?TfP^!TTTg)iBE.aC^ 

Ti  i ^ ' ' ”” 


t7 


'Fje)4611-74-C-0009/ 


10  PPOGPAM  ELEMENT,  PROJECT,  TASK 
APEA  A WORK  UNIT  NUMBERS 


31481 2WK 


T HtMURI  UJUTi  '7 

Febtanr  107  ij 


la  IIUII'BBR  H"  P AUEF 

238 


IS.  SECURITY  CLASS,  (of  (hia  report) 

UNCLASSIFIED 

15*  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


_n/a_ 


16  DISTRIBUTION  STATEMENT  (of  thie  Report) 

APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


IT.  distribution  STATEMENT  (of  the  mbetrmet  entered  In  Block  20,  If  different  from  Report) 

-"T 


IB.  supplementary  notes 


19  key  words  (Continue  on  reveree  elde  it  nereeeery  mnd  identffy  by  block  number) 

.SOI, ID  l’U()I>i;j,IANT  ll(X'Kl,T  UNGINIS^;  INSTIlUMmAT  I ON ; FLIGHT  TESTING;  SIMlIlATKIiI ; 
ST0HAGK;1IIGII  TFMI'FHATUHi:;  LOW  TFMI’FIIATUIU: ; CYCLIC  LOADS;  AGING;  imiKOXYL 
TKHMINATIl)  COLYBHTADIim 


to  ABSTRACT  (Continue  on  reverse  mide  If  neceeemry  end  idontify  by  block  number) 

Report  presents  res'ilts  of  a program  conducted  to  evaluate  the  effects  of  air- 
launch  missile  environments  on  the  aging  characteristics  of  advanced  HTl’H  pro- 
(tellants  and  representative  motor  designs  incorporating  these  propellants.  The 
study  addressed  aging  of  two  12-inch-diaimiter,  SHBDM-typti  motors  cast  with 
mode rate-huming-rate  pro{iellant.  The  pro{>ellant  was  characterized,  service- 
life  loads  were  evaluated,  and  the  motors  were  analyzed  and  subjected  to  accel- 
erated storage  and  simulated  captive-flight  environtm;ntal  testing.  Carton  pro- 
|iellant  from  the  same  batch  from  which  the  motors  were  cast  was  aged  in  the 


DD  1473 


EDITION  OP  1 NOV  «9  |$  OBSOLETE 


SECURITY  classification  OF  THIS  PAGE  Pete  Entered) 


UW'IASSIFH’D 


^0^36  S' 


/ 


UNCIASSIFIED 


StCjnno  CLASSiriCATION  OF  this  PAaEr*Fh«n  0«ta  Bntormd) 


\ Block  20.  Continued 

\ 

laboratory.  Subsequently,  aging  characteristics  of  the  propellant  were  deter- 
mined from  motor  response  and  the  motor  design  and  test  methods  were  evaluated. 
The  motors,  instrumentation,  and  tests  are  described;  and  test  results  are 
presented.  Test  results  indicate;  Characteristics  of  the  propellant  tested 
change  very  slowly  over  a period  from  6 months  to  5 years  after  cast;  the  grain 
configuration  tested  is  structurally  adequate  to  withstand  at  least  5 years  of 
use  in  the  tactical  air-launch  environment;  current  analytical  tecliniques  are 
adequate;  and  the  ALIVK  approach  to  accelerated  service-life  simulation  is 
feasible  and  can  l)c  made  reasonably  accurate 
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As  with  most  ordiiam-e  items,  solid  projie  I l.uit  I'ocket  motors  teiiii  to  he 
t im»- - I im  i ted  in  their  se  rv  i eeu  hi  1 i ty  . Tliis  t irae- 1 imi  ted  nature  is  said  to 
h<-  Uie  result  of  u(jin(£  of  the  rocket  motor.  The  c lia  racte  r i s t,  i cs  that  quan- 
titatively define  agiiut  are  essent.ial  to  assessing  the  useful  life  of  a 
rocket.  Therefore,  the  agin^  characteristics  of  a i£iven  mot.or  system  h.ive 
heeii  defined  in  surveillance  studies  of  that,  system  after  it.  has  lieeii  de- 
ployed in  the  field  for  a period  of  time.  This  approach  is  lackiii)!  in  that 
it  would  he  clearly  advantageous  to  have  a reliable  service-life  evaluation 
before  a system  is  placerl  iii  production. 

The  i I — Ixiunch  Instrumented  V'ehicles  Kvaliiation  (.Al.lVT;)  program  is 
addressed  to  this  problem.  The  projrram  has  three  objectives,  two  of  which 
are  specific,  and  the  third,  general.  The  specific  objectives  are:  (l)  To 

evaluate  the  effect  of  air-launch  missile  e nv  i roimien  ts  on  the  a(jiiifj  cliarac- 
teristics  of  Air  Force  advanced  Iffl’H  propellants  and  (ll)  To  evaluate  repre- 
sentative motor  designs  incorporating  these  formulations.  In  particular, 
there  are  two  propellant  formulations  and  two  sizes  of  motors.  The  first 
program,  ilesignated  Program  1 - Short  Uiiiigi*  Homhe  r llefense  Missile  (sltllUM) 
addresseil  the  aging  of  tWK  ll'-iiich  diameter  motors  cast  with  a moderati-- 
hii  rn  iiig-ra  t.e  propellant..  TIk'  .second  program,  I’rogram  II  - Modular  kea|ion 
lust  rumen  ted  Vehicle  {'IklV'),  concerii.s  the  study  of  three  1 H- inch-d  iame  t e r 
motors  cast  with  a I ow-hiirn  iiig- ra  te  pro|H'llant.  The  third,  or  general, 
objective  of  .Al.IVI.'  is  to  provide  the  A i i'  Force  Systems  I’roject  Offices 
(SI’O's)  with  a ha  sic  approach  to  testing  new  weapon  sy.stems  prior  to  their 
production.  This  objective  encompasses  both  programs  of  the  Al.IVM'. 

This  report  descrilies  activities  of  the  first  program,  SlUtDM.  Under 
Air  lorce  l'oiitract._i:'U4<>l  l-72-(;-()()h9,  Thiokol  Corporation,  Huntsville, 
Alabama,  formulated  a iiumher  of  IfTl’II  propellants  for  tactical  air-launch 
motors.  Thiokol  used  one  of  these  formulations,  T1‘-1I8121A,  in  fabrica- 
ting two  1 2-inch-d  iame  ti- r motors,  instrumented  with  grain  stress  strain 


si’iisors,  in  u c mil' ijru  ra  t i on  n- p ro  se  ii  tn  t ive  of  that  re  q ii  i ri;  d for  SHIIDM 
propulsion.  Theso  motors,  a I oiiji  with  s<?vi*ral  cartons  of  curi!(l  prop»;l- 
lant  rust  with  thoni,  wore  do  live  red  to  Hocketdyiio  lor  use  on  the  Al.lVK 
proj:  ram . 


ALI\'’I1  I’rofrram  I effort  was  divided  into  three  distinct  hut  inter- 
related phases  of  activity.  In  Phase  1,  Planniiifi,  the  pro[H!llant  was 
characte rizeil , service-life  loads  for  the  SRHDM  were  evaluated,  the  motor 
design  was  analyzed,  and  a 2-year  test  plan  to  simulate  '5  years  of  motor 
de[)loyment  was  formulated.  The  second  phase,  rimental  , involved 

siihjei'ting  the  motors  to  accelerated  storage  and  simulated  captive-flight 
environmental  testing  and  laboratory  aging  of  carton  pro|H;  1 lant.  In  Phase 
III,  Assessment,  the  aging  characteristics  of  the  proiieilant  determined 
from  motor  response,  adequacy  of  the  motor  design,  and  evaluation  of  t he 
test  method  were  studied.  Hi? commendations  for  the  disposition  of  the 
two  motors  were  also  develojs'd.  Detailed  effort.s  involved  in  each  of 
the  three  [diases  are  depicted  in  Figures  1 through  1. 

In  summary,  results  obtained  indicate; 


1.  Characteristics  of  mode rate-hu rning-ra te  Pro|X'llant  TP-1W21A 
change  very  slowly  over  a (Kjriod  from  6 months  to  approxi- 
mately '>  years  after  cast. 

2.  The  grain  configuration  tested  is  adequate  from  a structural 
standpoint  to  withstand  at  least  ’j  years  of  use  in  the  tac- 
tical air-launch  environment. 

1.  Current  analytical  tecliniques,  e.g.,  TIIV^INC  viscoelastic 
stress  analysis,  are  adequate  insofar  as  can  Ik?  determined 
in  the  instance  of  a design  that  is  not  marginal  in  its 
test  environm«?nt . 

A.  The  Al.lVK  approach  to  accelerated  service-life  simulation 
IS  feasible  and  can  he  made  reasonably  accurate.  The 
present  program  required  some  qualitative  assessments, 
which  ran  he  made  on  a quantitative  basis  with  sufficient 
information , 

Hecause  a distinct,  albeit  slight,  aging  trend  was  noted 
and  since  the  motors  ap|iear  quite  adequate  to  withstand 
the  air-lauiich  environment,  it  is  recommended  that  service- 
life  simulation  testing  he  extended  with  increased  load 
se  Vt-  rit  y . 


TOST  l*l^\N  DKVTJl.Ol’MENT 


LOADS  DKKLMTION 

An  iiivos  t i(;ci  t i on  wns  conducted  to  deteimine  realistic  loading  environ- 
ments Tor  tile  SUHDM.  This  effort,  in  the  foimi  of  literature  leviews  and 
interviews  with  cognizant  |)ersonnel  on  otlier  systems,  culminat.ed  with  the 
infonnation  that  follows.  As  will  he  noted  in  the  section  on  the  Motor 
Test  Plan,  planned  loading  conditions  were  based  on  this  input,  with  ad- 
justments as  warranted  hy  additional  information  that  became  available  as 
the  program  progressed . 

To  establish  a liasis  for  the  test  program  the  following  assumptions 
were  made:  (l)  SUHDM  will  be  deployed  world  wide,  (ll ) the  missile  will  he 

externally  carried  (although  internal  carry  on  the  B-1  aircraft  is  prohahle) 
and  (3)  standard  trans [lor ta t i on  and  handling  procedures  will  he  used. 

Loading  conditions  are  discussed  under  the  following  headings; 

llaiiilliiig  and  Transportat  ion 
S to  rage 

Upe  ra  1. 1 ona  I lUuid  1 ne  ss 
Captive  Might 
I'ree  M iglit 

Loud  levels  and  durations  are  discu.ssed  under  each  of  these  subsections 
with  emphasis  on  envi  ronmc'iits  relating  t,o  structural  integrity  of  the  pro- 
pe  1 lant  gra  in  . 
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ll\M)LIN(i  AND  TIUNSIDirrATlON 


Since  it  wus  ussutned  staiuiiird  transportation  and  handling  procedures 
vill  ho  used  for  tlie  SRliDM  motors,  hackf;round  information  neneraJly  appli- 
cable to  solid  rocket  motors  is  quoted,  kinvi ronments  typically  applicable 
during  transportation  are  shown  in  Table  1. 


TAHli’,  1.^  THANSnurrATION  KNVIlUiNMl-'.NTS 


Tempera  ture 

Drop, 

No  Damage 

Max /Time 

Mni/  Ti?n«‘ 

Shock 

Vi  brut ion 

Truck 

IL'T  F/2  hr  to 
•HI  V/2U  hr 

-no  F,/9()  hr 

g 

n9 — 9(1  msec 

1 ft  to 
bed  or  dock 

+ 1 g at 
T— (lO  Hz 

Rai  1 

1119  K/H  hr  to 
90  F H'l  hr 

-no  F-9()  hr 

1 ft  to 
bed  or  do' k 

Air 

no  F 'i  hr 

1 

negl igible 

1 f t to 
f 1 OOI' 

9 g at 
L'O— 900  Hz 

li 

Kur'her  work  by  Waniirr”  delves  more  deeply  into  the  vibrational  require- 
ments. lli'sults  of  thi.s  study  are  shown  in  Table  11. 


Duration  of  the  vihi'ation  environment  is  not  estimated  in  either  Table  1 
or  Table  11.  Actual  durations,  of  course,  will  vary  with  each  rocket  motor. 
HeKardin^  current  [iractice,  however,  one  may  refer  to  M I I.-STD-HIOH,  Table 
'ilA.l-VlI,  where  it.  is  noted  test  levels  and  durations  may  be  determined  de- 
pending: on  the  mode  of  transportation,  the  weight  of  the  unit,  and  the  number 
of  resonances  the  unit  has.  lly  assuming  four  resonances  for  the  system 
weighinf:  approximately  ’><)()  (lounds , the  combined  duration  for  land  and  air 
carry  is  about  11")  minutes  dwell  at  each  of  the  reson.ini'e  frequencies  (in 
each  axis)  with  'iti  minutes  frequency  cycling  between  'j  and  IDO  Hertz.  The 
s|K?cified  input  acceleration  is  l.T  g. 

^lANNAK  Hut  let  in  of  the  Working  (iroiiji  on  Mechanical  IkDiavior,  IDtiD. 

'I 

“Wagner,  !•'.  It.:  Solid  Loud  Definition  .Study:  The  Vibration  F.nv  i ronmeiit , 

AHU’I,  TR-<)H-100,  .lanuary  19<>9. 
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TUANS roHTAT  ION"  V 1 lllt\T  ION  UNT  IHO.NMIINT 


Measured  \iliiation  levels 

Truck 

a.  ))avecl  load 

0.11  g (peak)  (max  at  A 11/) 

b.  roii(j;h  I'oads  (20 — 21  iiiph ) 

1.7  g (|«’ak)  (max  at  10  II/) 
2.1  g ( peak) 

c.  ci'oss-counl  I V (l — 10  rn|ih  ) 

1 .0  g ( peak) 

Trac 1 or-Tia i 1 c r 

1.7  g (peak)  (iiuix  in  2A0 — 110  11/  region) 
(occurred  less  than  if  of  time) 

Ha  1 1 road 

a.  over  the  road  (lO — 70 
mph ) 

O.H  g (|ieak)  (iimx  at  1000  II/) 

2.2  g (peak)  (max  value  noted  01')  of 
vibration  was  less  than  0.71  g) 

2.0  g (peak)  (predominant  f reiiueiic  les  in 
2.1  to  7.1  and  10  to  (i2  11/  regions 

b.  sw 1 t ch 1 ng  shock 
( trans lent  ) 

11  g (fieak)  with  H mph  impact 

A 1 rc  ra  f ( , propeller-driven 
with  reel proia t I ng  or  turbo 
engi no 

1.0  g (nils)  (max  at  'lOO  11/ ) 
1.0  g (peak)  (l  to  210  II/) 

Aircraft,  jet  engine 

2.H  g ( rms ) (max  at  stUO  II/) 

*!’y  (nmmnii  cai  rKT 


It  was  to  r«“Holvo  wlucli  of  tlu-  ro  f e ro  tiopd  v i lirii  t i on  ('iiviron- 

raoiits  is  tile  more  reulistir  since  fentiires  sncli  as  sli i pp i iifi!;  containers, 
nnmher  of  resonances  the  unit  has  in  such  a shipping  container,  spectral 
content  of  the  loiidini;  enviroiunent , etc.,  w(!re  unknown.  Therefore,  the 
procedure  from  MIL-STD-HIO  was  used,  real  izinc  this  proltiihly  represented 
an  overtest  of  the  luiits.  Two  support  jioints  were  used  between  the  units, 
and  the  vibration  test  .jig,  and  dual  control  accelerometers  were  placed 
ad.jacent  to  both  attach  points. 


STtlUMiF, 


A 1 r- liniiiclitMl  tacticiil  solid  rocKot  motors  ore  usuully  stored  in 
tmi>£ii/ines  or  bunkers.  The  (fe ogro phi c locution  of  these  siorupe  hunkers, 
of  course,  determines  the  environraentu 1 tempera tures  to  which  the  rocket 
motors  ure  ex[)osed.  Measurements  have  hi'en  made  of  tactical  motor  skin 
temperatures  at  various  locations.  A statistical  analysis  of  all  measured 
data  indicates  that  on  a world-wide  basis  the  maximum  motor  skin  tempera- 
ture of  a 111- inch-d  iame  te  r rocket  motor  would  be  less  than  1>0  F for  97^ 
of  the  time.*  Hirther,  diurnal  cycling:  in  the  desert  shows  approxi- 
mately sinusoidal  temperature  variations  with  a double  amplitude  of  F 
maximum  duriiifi  the  summer  and  bO  F minimum  during:  the  winter.  Ref.  F’ljrure  U. 
In  the  arctic  not  only  is  the  Ixiseline  temperature  lower,  but  the  sinusoidal 
variations  are  less  with  a double  .implitude  of  F maximum  durinti  the 
summer  and  )()  F minimum  during  the  winter.  Figure  '5.  Igloo-stored  motors 

get  as  cold  us  -')  I’  in  the  arctic,  but  for  only  a few  hours.  Arctic-dump- 

o 

stored  motors  may  reach  -M)  F for  approximately  8 hours."  It  is  doubtful 
that  a rocket  motor  ever  reaches  an  equilibrium  temperature  (throughout  the 
propellant  gram)  at  either  tlie  hot  or  cold  extremes.  Th<>  majority  of  the 
propellant  (and  at  the  perforation  surface)  is  more  probably  at  about  F 
III  the  .summer  and  -111  F'  in  the  winter  in  tin*  somewhat  protected  dump  storage. 

While  it  is  iiighly  unlikely  tliat  any  single  motor  would  be  exposed  to 
a composite  load  history  approximating  both  tropical  desert  and  arctic  con- 
ditions, such  a history  might  be  more  realistic  than  that  to  which  i-ocket 
motors  are  currently  tested  and  (pialified. 


'.Schafer,  II.  C.:  Measured  Temperatures  of  Solid  Rocket  Motors  Dump 

Stored  in  the  Tropics  and  Desert,  Part  1,  NWC.  TP-1019-Pt  1,  November 
1972. 

o 

"Kurotori,  1.  S.  and  II.  C.  Schafer:  Storage  Temperature  of  Flxplosive 

lla/ard  Magazines,  P.  Cold  Kxtremes , NWC  TP-MM,  May  19(>8. 
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Diif  to  pcrsoiino  I <in<l  €>(|ii  i jmiiMit  limitations,  o|M-rations  aro  i-IosimI 
ilovii  .1)  t onni»‘ ra tnios  tiolov  -(>')  !■ . Tims,  ronket  motors  may  bo  subjoctoil 
to  this  oxti'omo  ooltl  for  only  short  periods  of  time.  However,  it  lias  been 
found  from  the  literature-  that  a more  realistic-  equilibrium  temperature 
(soak)  IS  -Ti  1.^  |•■nrtller,  when  testinu  motoi’s  for  1 ow-lempi-ra  tore 
o|K-rational  ca  |>a  h i I i ty , tile  motor  sbonid  be  conditioned  to  -Tl  F then 
subjected  to  tin-  expected  worst  a ir-ca  rr  iajje  temperature  for  i l.s  deter- 
mined duration  -ind  tested.  l-’or  i-xteriially  carried  mis.siies,  the  worst 
conditions  are  considered  to  be  the  combined  vibrations  and  hijrh  uero- 
dynamii  heating  from  the  cold  operation  readiness  extreme.  These  en- 
vironments are  it  isciisscd  lie  I ow  . 

CAn  UT.  IT, Kiln 

HnriiiK  captive  flinlit  s iiriii  f icant  thermal  anil  vibration  loads  may  be 
imposed  on  a rocket  motor.  There  are  many  combinations  of  these  loadiniis. 
llow<-ver,  the  jrenera  I consensus  is  that  the  most  severe  combination  of 
loads  will  be  a h iKh-a  1 1 1 tilde  loiter  in  which  the  itruiii  is  s iirii  i f i can  1 1 y 
cooled  (blit  vibration  levels  are  low),  followed  by  a high-speed  dash  that 
contributes  lioth  to  a high  thermal  gradient  (due  to  the  aerod_Miamic  heating) 
and  to  high  vibration  levels.  From  this  combination  high  stresses  and 
strains  are  ileveloiied  in  (he  propellant  grain  from  both  thermal  and 
dynamic  loadings. 

The  most  seven-  temjie  ra  tore  environment,  relativi*  to  projie  I l<in  t/l  iner 
bond  stresses  and  bore  strains  is  the  -TT  F cold  soak  (op«-ra  t i ona  1 nadi- 
iiess ) followed  by  Mach  ().(>  loiter  at  TT.tUH)  feet  for  T hours  where  tlie 
case  reaches  -7T  F,  thence  followed  by  a high-speed  dash,  e.g.,  Mach  2 
at  30,0(10  feet.  IVita  measured  on  a modified  Itomb  Ihimmy  liiit  (Hl)l')  from 


* l.ewandowsk  i , W,  .1.:  Fxtreme  (b)ld  (iroiind  Teniperat  lire  Demonstrated  for 

Air-launched  Solid  Uocket  Motors,  Al-1ll’l.-TH-7 1 '('H , <liily  1971. 
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Project  I)A>0'^  * show  tin-  case  skin  temperature  (without  external  insulation) 
rose  to  170  !■'  in  ahout  10  minutes.  This  temperature  history  is  plotieil  in 

t) 

Fi(£ure  h.  The  -SiLALS  Fighter  I’oint  Intercejit  Mission  (SFPI )"  would  he  a 
more  severe  aeroilyiuimic  heating  environment.  However,  neither  of  these 
would  he  a representative  mission  profile  for  the  SKHDM  when  carried 
internally  in  the  H- I aircraft. 


Discussions  with  iH'rsoniiel  at  the  Rockwell  International  H-1  Division 
revealed  that  stores  carried  by  the  D-l  aircraft  are  expected  to  be  sub- 
jected to  the  following  environments: 


Temper  a ture  Extremes 


Invironmental  Internal  Fxternal 


Parameters 

Carry* 

Carry  (ihlon) 

Ground,  deg  F' 
Non -operat i ng 
Opera! i ng 

-ho  to  KiO 
-()()  to  1()0 

-03  to  123 
-<>3  to  I25 

liround  .Alert,  deg  F’ 

-30  to  IhO 

1 n-Fl  ight , deg  F’ 

-1)5  to  KiO 

-!i3  to  307** 

Transient,  deg  F'/sec 


() 


^Apparently  these  temperature  extremes  are  experienced 
during  the  short  times  during  which  bomb-bay  doors  are 
open  (approximately  10  si-corids  per  shot).  Bay  tempera- 
tures are  controlled  during  operation.  IXiring  the 
basic  subsonic  high-u 1 titude  cruise  mission  (an  extreme 
cold  condition)  the  minimum  temperature  in  the  bay  at 
the  coolest  location  is  -32  F'.  The  air  flow  is  such 
that  natural  convection  can  be  as.sumed  for  heat  trans- 
fer calculations, 

^^♦Maximum  stagnation  temperature  on  all  eximsed  leading 
edges 


.lones,  W.  B.;  Simulation  Testing  of  a Modified  Bomb  Dummy  Unit  (Project 
DAMl';),  AFTU’U-TR-72-107,  Rockwell  Interiiation.il,  Rocketdyne  Division, 
McGregor,  Texas,  Decemher  1972. 
o 

“Thomas,  11.  L.:  High  Burning  Rate  FJctended  F^nv i ronmeii t Solid  Propellant 

Program,  Final  R«*port,  AFTU’F-TR-73-AO,  Rockwell  International,  Rocketdviie 
Division,  .McGregor,  Texas,  April  1973- 

"^Personnel  included  Messrs.  II.  .1.  McNeil,  Roger  Tyler,  and  Phil  Cloud. 
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For  tho  fxtreraf  romlitioiis  of  acou.st  i c ravi  fy  r(*H|)onso  (hay  iloors 
open  at  maximum  tiirhii  1 onco  condi  ti  oii.s ) tlie  hay  attachracut  fittings  arc 
expected  to  experience  the  following  multidirectional  random  vibration 

Kxtiected  Random  Hesiionse  to  Acoustic  Inputa 

FVeiiuency  Haiige  , 11/  Vibration  1‘ower  l.<‘vel 
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The  boundary  condition  for  estimating  the  expected  random  respon.se 
was  investigated  in  detail.  From  this  investigation  if,  was  concluded  that 


the  op<>rutionu  I extremes  assumed  are  sufficiently  nonrea  1 is  tic  that  these 


viliriitioii  levels  will  not  bo  oxpo r ioncod  by  uii  internally  carried  store. 
Thus,  those  randoiu  vibration  levels  were  considered  indicative  of  trends 
only,  and  absolute  levels  were  not  used  in  the  motor  test  program.  In  the 
absence  of  more  approjiriate  data,  the  vibration  levels  measured  during 
I’ro.iect  liAMh',  were  used  for  preparing  the  I.est  plan. 

lU'ferring  to  vibration  data  available  from  other  aircraft,  a wide 
disparity  between  measured  vibration  levels  and  those  sjiecified  for  qual- 
ification testing  was  found.'  A random  sjiectrum  tliat  has  heeii  lecommended 
for-  use  in  qu.i  lifting  externally  carried  stores  is  shown  in  Figure  7-  This 
is  as  coiniKired  with  a measured  spectrum  on  the  Air  Force  I’loject 

• I 

(Figure  ~).  all  of  which  is  below  ().(tl  g“/ll/.  These  measured  llA.^II',  data 
are  considi'ced  more  realistii  and  indicate  that  li-vi-ls  shown  in  ligure  7 
are  too  se\ere  for  qualifying  solid  rocket  motors.  Kiindom  spectra  do, 
however,  represent  the  environment  more  accurately  than  dwells  at  reso- 
nance f reqiielK  les  . 

FHFl.  Fl.ll.lfl 

I<innch  eject  loads  initiate  tio'  free-fliglil  condition  for  the  missile. 
Two  methods  of  se|iar.itiiig  t tie  SIlMlI'l  from  the  aircraft  were  considered: 

■Me  thud  I --  I'se  modified  .^\l '- 1 iMl/.A  ejeitoi'  rack  that  has  two 
sway  braces  (two  legs  each)  I’ll  inches  <ipart  with  the  missile 
cell  te  r-o  f-gra  V 1 ty  Station  'IT  . Mi  centered  between  them  and  two 
moiintiiig  lugs--oiie  at  Station  the  other  at,  Station 

lMi.7’).  Th<>  ejection  load  of  Hl),lilll)  Ibf  ( H),Ai)lt  llif  each 
[Kid)  IS  transmitted  to  the  motor  case  by  two  jiarls  located  at 
tin-  center  of  the  two  legs  of  each  .sway  brace  ( i .e  . , lit)  inches 
ufxirt  - eg  Station  93.’ili  centered  he  twei-n  them).  The  10, TOO 
Ibf  is  applied  in  0.070  second.  The  size  of  each  jiad  is  1 
sq  in. 


Oretier,  tl  . F.,  FI.  I).  lakin,  •ind  K.  A.  Tolle:  "Vi  liracoust  ic  F'aivi  roniiien  1. 

and  Test  Criteria  for  Aircraft  Stores  during  Captive  Flight," 

Shock  and  Vibration  Ihilletin  No.  T9.  .Supplement,  1909. 
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2 — I'si>  mod  1 f I eil  ojcotor  n'lrk  klj.i  t.  ho.u  I, wo 

Mway  lirafos  (two  loKf*  oacli)  locatod  at  Stations  V)  and  I’o 
(motor  ras<‘  dome  a t tadimon  ts ) and  two  monntinn  Inns;  one  at. 

Station  the  other  at  Station  Tile  ejection 

load  is  transmitted  to  the  motor  case  hy  two  jiads  located 
at  the  center  of  the  lens  of  each  sway  hrace.  The  force 
at  Station  ')'!  is  H'><KI  Ihf  and  is  .i|i|)lied  in  ll.IXiti  second; 
at  station  1 '»">  the  force  is  ti3()()  llif  and  is  applied  in 
D.O'i')  second.  The  si^e  of  each  pad  is  I sq  in. 

Innition  pressnr i /a t i on  is  next  in  the  sequence.  The  chamher  is 
|>re»siir  i/.eil  to  UatMl  ps  i (nominal  pressure  at  f ) in  less  than  (l.dtiU 
second.  lonnitndinal  .i  cce  le  ra  1 1 ons  of  tjli  (j  occur  early  in  flinht  and 
SO  n near  lootor  hiirnout.  l.iteral  maneiiverinn  accelerations  may  he  as 
hitll'  as  TO  (I-  Aerodyn.im  1 c heating  will  occur  diirinn  flinht;  hut  due  to 
case  external  insulation  the  case  wall  will  not  he  heated  diirinn  Ha- 
iliiration  of  the  rocki*  I motor  firing.  I'ihration  levels  during  free  flight 
are  not  known. 

I'.nv  I roimieii  ta  I lo.ids  data  are  summarized  in  Table  “5  (lU'f.  <ilso  lijrnre 
S).  Thes«>  d.ita  represent  the  best  estimate  to  date  and  are  siih.ject  to 
revision  as  new  data  hecom*'  .ivailahle.  Comhinat  ions  and  sequence  of  a|i- 
plication  of  these  loads  will  he  dependent  on  t\|iical  mission  profiles 
and  on  deployniient  proi'edures  for  the  rocket  motors  (at  present  unknown). 
However,  it  is  felt  t.ha  I a nuisonahle  lest  program  has  been  planned  from 
the  available  data. 

\ representative  training  mission  schedule  of  a modern  iiircraft 
weapons  system  and  typical  loading  histones  for  a new  a i r- laniH'hed  rocket 
motor  are  included  for  information  pnrposi-s  in  Figure  ‘I  and  Table  U and 
in  Figure  |0  and  II,  rt‘S])ec t i ve I y . This  l.y|w  information  could  Ik*  equally 
applicahli*  to  the  .''HHD.'l  and  hence  was  consideriul  in  scoping  the  SllllDM- 
AI.UT;  Motor  Test  I'lan. 


TAHli:  T.  SRHDM  loads  SIWUHV 
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TAIIIJ-;  'i.  MisTOHV  OF  WO  iU':(:f;nti.v  i)F\7;i,on:i) 


AiH-i.Ar\ciii;i)  iioc;Iv1:t  motors 


Mot  or 

Mo  1 or 

No.  1 

No.  2 

lolol  NutnhiT  U»ys  n 1.  Hii«f 

'1O7 
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i lifjht  IliHtory 
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100  20 

30  13 

Days  ill  HunUer  at  7O  \/'i  Total  Hase  Tune 

2')2  7I 

171/31 

linys  Outsule  ( 1 nc  1 ml  1 ii{!  lliiiht), '7  Idtnl  Rise  lime 

113  33 

Tempera  lute  Mist  oi  v 

Riys  of  0iitsicl(“  fiiiie  T2  \/'i  Oulsiile  Timi' 

k 1 , 20 

20  17 

Riys  o(  Outside  lime  ^ HO  F/Jt  Outside  Time 

23  10 

0 H 

Riys  of  Outside  lime  with  O.I  m. 

37/2'. 

27  23 

Free  1 pi  (a  1 1 on  T'  Outside  lime 

Coldest  R|  \ Outside  Time,  d(■K  f 

-20 

-20 

Hottest  Day  Outside  lime,  de{i  I- 

00 
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imiUNGS,  TOSTS,  AND  INSltCT ION 


INITLAI.  INSTHimNTAilON  miSl’ONSK 
AND  ('01Utl:U\TI0N 

Ik' f«rt“  tMiteruig  tin-  5-yeui'  service  life  cycle  each  motor  was  suti- 
jecteil  t <1  a representative  seasonal  tlierm<il  cycle  with  comi  i t i on  j iifi  at 
each  step  foi-  li'i  hours  (until  equ  i 1 i lir  i utn  tem[H»ra  ture  was  achieveil 
across  the  weh),  Ih*  f . I'inure  111.  (tajre  readings  were  taken  at  each  step 
and  after  the  gram  had  eqiuili/.ed  thermally  a ^ to  (>^  psia  pressure  corre- 
lation check  was  made.  These  tests  verifiefl  instrumentation  functionality 
and  ranges  of  readouts  and  provideil  an  initial  com|)arison  point  from  which 
the  influence  of  e.xti'uded  aging  and  service-life  loadings  was  assessed. 

SI OW-KATl':  SKA.Sl.NAl.l.Y  l.MM't’KD 
ilKRMAI  CVri.lC  lOADlNO 

Doth  instrumented  motors  were  stored  lu  a thermally  controlled  con- 
ditioning hox  tlirongliont  the  ')-year  life  cycle.  Hath  was  removed  period- 
ically for  X-ray  in.-pectioii.  Motor  7 '*as  also  removed  twice  and  siih.jected 
to  loadings  <-quivalent  to  years  of  (iimiilative  captive  flight  time. 

During  seasonal  cycling,  data  from  all  transducer  (irciiits  were  recorded 
daily,  using  automatic  paper  tape  printing  multiplexers.  Kach  motor  was 
suhjected  to  five  seasonal  cycles  during  the  2^i-morith  period,  the  first 
11. “j  yeai's  with  temperature  extremes  representative  of  storage  in  a trop- 
ical desert  (limate  and  the  last  2 . ‘3  yi'iirs  representative  of  storage  in 
an  antic  winter.  Thermal  amplitudes  were  derived  from  data  collected 
iluring  the  hoads  Definition  Study  of  the  SRllDM  missions. 

ligiires  h uiid  '3  present  the  extremes  of  temp*' ratu re s actually  ob- 
served ill  dumps  ii.sed  for  the  storage  of  .solid  pru(><- 1 I ant  a i r-launclu'd 
rockets.  The  desert  storage  history  was  cho8«'ii  for  the  first  part  of 
th*'  seasonally  induced  thermal  cycling  test  (the  first  2.'5  years)  as  it 


I 


was  tit>ln‘ViMl  tin-  lii^hiT  I ^•In|l(•  ra  t iin- s would  Ih-  tuoiv  apl  to  Nad  to  |iro|H-l- 
laiit  di-trrada  t i on  than  woiiNI  I ho  col  dor  arctic  history.  I oi  t ho  last  'J , 
yoars  tt  was  sn|>|iosod  that  tho  motors  wo  ro  niovod  to  an  antic  storajio 
iluin|i  iind  tho  lower  oxciirsions  ol  an  antic  wmtc-r  wore  ini|>osocl  on  t hi‘ 
motors . 

In  I- 1131  ro  1")  thc-so  annual  tom|H-raturo  excursions  are  redrawn  showing 
the  simulation  tost  tora|s‘ rat  uri-  for  the  tiopic  di-sc'rt  \oar  and  tho  antic 
wintiM'.  Dnrinic  the  time  of  yc*ar  whini  the  moan  tom|M'raturo  is  ahovo  JO  1 , 
i.c*.,  (»  months,  t hc‘  effects  of  st  ra  in-induc  iiin  cumulative  damai£i‘  are  con- 
siclorod  no  n 1 i n i h 1 c“  hut  chemically  indue  cm!  chant!c>s  are  important  mechanisms 
of  deicrada  t i on . When  t hc>  tem[s>  ratnre  is  Is- 1 ow  70  K c>xaitl\  the-  opposite- 
is  true-. 

The  testinn  seciuc-nce  was  to  have-  the  effc-ct  of  c ompre  ss  i nu  a real- 
t imi-  T-year  sc- rv  i cc-  life-  into  a 12-year  test  prooram.  To  accomplish  this 
the-  actual  mc-an  tc-mpe  rat  iirc-s  ahovc-  1 were-  iiic  rc-asc-cl  sli|cht  ly  as  re-  — 

I i|iiired  to  accc-lerat.i-  the  chemical  ainiit:  iind  those  he  I ow  70  1 wc- re-  lowerecl 

to  mannify  the-  c-ffi-cts  of  the  s t ra  in- induced  cumulative-  damane  . l.veii  so, 
as  shown  in  1 iisurc-  IT,  these  c- \a(£ice  ra  ted  t,c-m|s- ra  t u ri- s rc-mained  within  t hc- 
i-nvc-lo[s-  formed  hy  the  daily  c-xcursions. 

I he  so  tc-sts  were-  actually  is-rforini-d  hy  placiniz  the-  motors  in  a man- 
ually controlled  conditioning  box.  fempe- ra  tu  rc-s  wc- re-  stepisil  1 1|  dc-grees 
c-ach  wc-c-k  lor  tin-  tropical  cycle-  and  10  dc-grc-c-s  for  the-  arctic  c\clc-. 

(Al'flVI,  H.llillT  AM)  0T1II;H  l.tUDLMiS 

As  shown  in  Figure  Pi  Motor  7 was  rc-movc-d  from  the-  seasonal  cycling 
sequence-  twice-  during  the  12)|-month  [s-riod  and  received  a sc-ries  of  vihr;i- 
tory  anil  the-rmal  i-xcursions  considered  re- pre  sen  to  t i ve  of  nea  r-c  out  iiiuous 
service-  as  a we-apori  on  1 1 ight  status  for  T ye-ars.  These-  two  i n te- r rapt  i ons 

I 

[ 
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lasttMl  about  U’]  (lays  oarh;  l^>  days  lor  set  up  and  30  days  for  the  actual 
tests.  Tbe  first  test  was  coiidiict<Ml  duriiift  the  Sprint:  of  the  start  of 
the  third  simulated  year. 

!•  injure  13  shows  the  thermal  environments  associated  With  thes«>  tests. 
These  excursions  were  tjrt^ater  than  thos<!  associated  with  storage:  the  -(>0  F 

is  representative  of  the  lower  operational  temjM- ratu  re  s in  the  arctic, 

170  f IS  typiciil  of  ueroheat  (on  an  insulated  motor  case)  or  of  reflected 
heat  from  a desert  runway  in  the  sun.  In  addition,  thermal  steps  or 
shocks  of  the  magnitude  expected  of  maximum  daily  excursions  wer(>  imposed. 

Vihriitory  loads  were  also  imposed  on  the  motor  durin)t  these  tests. 

The  sine  sweeps  were  primarily  to  facilitate  a comparison  of  the  analyses 
with  the  iiaice  outputs,  but  the  amplitudes  (5  tt)  were  chosen  to  reflect 
tliose  imposed  on  motors  dui’ing  vehicular  transportation.  Random  vibi'a- 
tion  levels  imposed  evolved  fi'om  those  observed  during  the  Air  F’orce 
Rocket  Propulsion  Ijiboratory ' .s  D.Vlfl';  prooram.  They  were  increased,  as 
discussed  l«-low,  to  account  for  the  fact  that  only  120  hours  of  actual 
vibration  time  were  used  to  simulate  the  1000  hours  of  actual  flight 
time  exjiected  during  3 years  of  full-time  flying-status  service. 

Based  on  obsi’ivations  made  during  service-life  studies  of  deployed 
missiles  it  was  assumed  that  a typic.al  motor  on  training-flight  status  may 
make  as  many  as  23  flights  with  a total  flight  time  of  200  hours  pir  year 
(Ref.  Table  A).  It  was  further  assumed  that  in  a 3-year  life  cycle  an 
.sRBOM  might  endure  as  many  as  1000  hours  of  captive  flight. 

Vibration  levels  imposed  on  tbe  Bomb  Dummy  Unit  during  captive  flight 
are  shown  in  ligure  K>.  These  data  provided  the  basis  for  the  design  of 
the  random  vibration  intensities  applied  to  Motor  7 during  the  simulation 
of  captive  flight.  The  envelo|ie,  shown  by  tin*  broken  horizontal  line  in 
the  figuri*,  was  conservatively  taken  to  lie  the  random  vibration  density  tlu> 
SUBDM  will  exiM’fience  continuously  during  the  lOOO  hours  of  flight  time. 
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Siuci'  Jt  is  proliitii  t ivf>  ly  ex|H-iisive  to  siili.jcri  tlic  motor  to  1000  lioiir 
of  vilirat  Loll  test  me  it  twriim*-  iiocossary  to  (‘stiih  I isli  a re  ) a t i oiisti  j p ba- 
tw«‘(>ii  t«!s(  amplitoilo  anil  tin-  ti-st  iliiratioii.  This  was  clone  liy  assomiiij:  i he 
slo|K-  ot  such  a eurve  would  he  the  same  as  the  si  ress-vs-t  iine  to  I'ailure 
eurve  that  is  usually  eonsidered  the  same  as  the  lo{j-lo(i  s1o|h-  oT  t.he 
e oils  t an  t-1  oad-t  o-l'a  i I u re  euive.  For  this  pro|H-llant  it  was  -0  . lit! . So 
till-  amplitude  is  proportional  to  the  test  time  raised  to  the  -0.212  |iower. 
This  means  that  the  am|ilitude  oT  a test  lasting  120  hours  must  lie 


'^200 

''loot) 


1000 


+0.22 


120 


+0.22 


1 .'jO 


This  amplitude  ratio,  squared,  is  indicated  hy  the  topmost  heavy  solid 
horiicontal  line  in  l igure  Iti.  It  specifies  the  power  spectral  deiisiti 
(I’M))  input  to  the  motor  during  the  20  days  of  simulated  captive-flight 
testing  shown  in  Figure  I'i. 

llllMS  l.NSl’lt  T ION 

I'oints  of  radiographic  anil  visual  inspection  are  indicated  on  the 
loading  figures,  Ty|ii  c<i  1 1_\  , ,\-ra\  ins|n' c t i ons  were  [lerformecl  cold  to 
IM-rmit  better  flaw  detection.  Ilorescopic  inspections,  while  indicated 
at  cold  tem|ie  lat  uii-s  , were  conilui  ted  at  ainhieiit  cond  i I i oiis . Oage  re- 
sponse monitored  7 days  a week  throughout  the  2-year  test  program  pm- 
viili-d  insight  into  the  aging  of  the  pro|H-llant  grain.  The  other  inspi-c- 
tions  provided  for  more  complete  flaw  detection. 

l.ow-rali-  pressuri/^at  i on  tests  were  conducted  at  intervals  to  serve 
as  gage  correlation  checks  and  provide  simple  analytical  e X|n- r imen t a 1 
comparison  to  assess  pro|N'llant  aging  characteristics  and  response  to 
cumulative  loadings. 
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Till-  .solid  propo  I liint  uniui  pcrfonns  structural,  llicrmal,  and  liallis- 
tic  roles  in  the  rocket  motor.  Teclmi<pies  to  assess  its  ca[kihility  to 
perfoini  these  roles  have  heen  developed  over  the  [kist.  diM-adi'S  . The 
riia.jority  of  these  techniques  are  uda[itations  of  t,ests  devised  for  charac- 
teri/iiiK  materials  such  as  ruhher  or  metals.  Without  developing  all  the 
reasons,  it  should  he  restated  that  solid  pi'opellant  is  a structurally 
and  chemically  com|ileX  mat<*rial  that  escapes  accui’ate  definition  by  overl 
simple  means.  '1  he  state  of  the  art  of  |iropellant  cha  ra  c te  r i za  t i on  has 
Henei'ally  stayed  ahead  of  analytical  capabilities  though  the  two  are  not 
1 nde|>endeii  t . The  cha  ra  c ter  i za  I,  i on  of  IVopellant.  TI’-lIHLiM,  f,,,-  AI.I\T;  was 
based  on  s ta  te-o  f- t he-a  r I.  tests. 

lUSEI.INK  I’llOl’Ein  IK.S 

The  cha  rac  I e r 1 za  I i on  of  freshly  cured  propellant  sc’ixes  two  pur|ioses  : 
(l)  to  [iroviile  data  for  motor  response  analysis  and  (\l)  to  establish  a 
baseline  from  which  propellant  afiinn  effects  can  he  evaluated.  The  basic 
test  sp(‘(imen  for  structural  response  cha  ra  c l,e  r i za  I i on  is  the  unia.xial 
tensile  test  spei  imen  or  "diqrhone."  Data  obtained  from  these  s[>ecimens 
include  relaxation  (constant  strain)  modulus,  constant  strain  rate  modulus 
and  failure  (iroperties. 

The  uniaxial  relaxation  modulus  determined  at  a strain  level  of  alnait 
0.03  in.  in.  is  sIiowti  in  Kinure  17.  The  t ime-t  cni|)e  ra  tore  equivalence, 
obtained  by  empirical  shift  of  tlie  relaxation  data,  is  plotted  in  I'iirure 
18.  The  constant  strain  rate  test  was  used  by  the  pro|M>llant  manufacturer 
to  characterize  the  propellant  shortly  after  motor  cast  and  anain  at 
llocketdyne  when  the  propellant  was  received  about  h months  after  cast  to 
compare  baseline  data  in  the  different  la  bora  t.ories  . Initial  (low  strain) 
modulus,  tensile  strength,  and  strain  at  maximum  tensile  strength  were 
measured  . 
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MimIuImm  (lata  Irora  t)oUi  Tliiokol  and  Ui)cU(« tdv tie  ar<(  coniparcd  in 
Figure  1<).  Tensilt!  failure  data  are  shown  as  Smith  (ilots  (tensile 
strenutli  vs  strain  at  maximiini  strength)  in  figures  iiO  and  21.  for  com- 
parison, 2.0  in.,  min  crosshead  data  obtained  at  Uocketdyne  are  also 
plotted  in  Figure  20.  These  same  tensile  data  are  also  plotted  as  func- 
tions of  reduced  strain  rate  in  figures  22  and  2T.  The  only  difference 
in  data  generated  at  Thiukol  and  those  genei'ated  at  Uocketdyne  app<“ars 
to  In-  in  tia*  magnitude  and  location  of  the  peak  in  the  strain  at  maxi- 
mum stress,  figure  22.  tiecause  of  tin-  scatter  in  the  data  it  is  not 
possible  to  determine  whether  tliis  difference  is  real,  e.g.,  dm-  lo 
difference  in  pro(M-llant  age,  test  techni(iue,  etc. 

Another  ty|H-  of  uniaxial  failure  cha  rac  t.e  ri /a  t i on  test  was  also  |n- r- 
formed.  1 he  cons  taut -1  oad-t  o-f  a i I ure  charade  fist  ic  is  an  essential 
el(-ment  of  a damage  analysis,  as  discussed  later.  llesults  of  tliis  teat 
are  plotted  in  figure  2^i. 

The  crack  oiM-ning  stress  intensity  factor,  Kl , was  measured  using 
pre-cracked  biaxial  strips.  The  h.')-  x 1-  x 0.2'i-inch  test  specimens 
Were  bonded  to  aluminum  end  bars  us  shown  in  figure  2y,  using  Uocketdyne' 
A-1'22  bond  system.  The  test  siN-ciraens,  which  were  milled  on  a Van  \orra 
nulling  mai'hine  esiH-cial  ly  modified  for  remote  o|N-rations,  were  tested 
as  indicated  in  Table  "i.  Testing  was  conducted  on  a Universal  Instroii 
test  machine  e(iuipiM-d  with  a temiK-rature  conditioning  box.  The  s|M-cimeiis 
Were  pulled  in  tension  at  a crosshead  rate  of  0.02  in.Auin  at  four  dif- 
ferent t(-st  temperatures,  110,  20,  -'lO,  and  -HO  f.  The  O.y-inch  pre- 
cracks (0.2')-inch  half-crack  length)  were  cut  at  the  center  of  each 
s|N*cimen  using  an  X-Acto  knife  blade.  Crack  tip  growth  was  im-asured  lo 
tiai  nearest  1/32  inch  by  placing  a machinist's  scale  below  the  eX|H-i  ted 


Uoys,  (i.  I’.,  et  ul  : Ik- ve  1 o|>ment  of  IITI'I!  I’rojN- 1 1 ants  for  A i r-fa  unebed 

Misailes,  Vuurterly  lleport,  November  1073  througb  .lanuurv  107'i,  AF'Ul’l - 
TU-7'i-U3,  Thiokol  Corporation,  Huntsville,  Af,  13  F'ebruary  l')7'i. 
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(TI'-lW2l't  I’lUlI’lA.lANT  ) 


! lest 

('a  r t on 
No. 

Slab 
\o  , 

Test 
Temp , 
•leg  F 

(’  I'osslieail 
Speeil , 
in  ./mill 

l«Migth 
of  Initial 
Pre -era ck  , in. 

I iK 

1 IH 

1 

no 

0.02 

0.7 

1 1 

1 IH 

20 

O.Oli 

0.7 

170 

1 IH 

■5 

-/,0 

0.02 

0.7 

171 

1 \H 

_ . 

(1 

-HO 

0.02 

0.7 

I ini'  III  iiaiK  |irii|iii|ta  ( I nil . Ttii'  l.niJt  s|h>c  imi-tis  wn  re  ihiIIimI  af.  tlm  roiislaiif 
< I'liHHlu-ail  rail'  v.illi  t lie  pull  00111111111111;  un  liit  i‘ rnipteil  to  coniplotf  si'(«ira- 
lioii  III  I III'  fijn'i  iint'iiH  . Soalo  roHitiiiiiH  wore  tukoii  oil'  ilio  crack  lip  posi- 
iioiiM  at  I'aiiilom  poinlM  ami  rocorclcil  at  tin*  corrc.xpoiiil  iii);  (loliits  lii  time 
■III  I lie  IliMiroii  I nail  t lino  ilia  It, 

Till'  I'oiliicoil  ila  t a Ko  I'o  taken  I'roin  the  IiiHtroii  force-time  cliart,  which 
prov  nil'll  a recoril  ol  crack  leii;;th,  1 oail , anil  time.  Klf;iires  -ti  anil  27  are 
l\pical  replotM  ohtaineil  from  In.sti'on  charts.  track  lip  velocities  (a), 
were  cali  iilateil  iisnin  t'caphlcal  methoils  for  each  test  at  uniform  t line 
intervals  iisini;  the  half  crack  leiif^th  vs  time  replot,  such  as  that  shown 
111  l'H;ure  27.  Tahle  h siiinma  r 1 /,es  reiliiceil  crack  tip  ve  loci  tv  ilata. 

Stress  intensity  factors  (K|)  were  ileterm  ineil  from  the  relation- 
shi|i  estahlisheil  using  a finite  element  (irogram.  In  this  analysis  hi- 
iixial  strip  loail  was  reluteil  to  crack  anil  sheet  il  imeiis  i mis  , assuming  a 
Yiiiiiig's  mmluliis  of  10(10  ps  1 , a Poisson's  ratio  of  O.'iO,  anil  sheet  size 
(•.■')  X 1 X ((.J'!  inch.  Figure  2H  shows  the  theoretical  relationship  he- 
tweeii  1 oail  mill  half  crack  length  ohtaineil  from  the  finite  element  unaly- 
sys.  Figure  20  compares  the  theoretical  stress  intensity  factors  ohtaineil 
using  the  finite  element  analysis  with  Mueller's  infinitely  long  hiaxial 


TABU.  (>.  SI-MHUO  OF  I)AT\  n«t.M  mv.\I\l  Ti;ST  STHIJ>S  WITH 


TABli.  ().  C()NTL\n:i) 
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striii  analysis.  Kinuix*  3**  ol)<aiu<‘il  hy  ratiuiii);  Kj  in  i'ij{ur«;  20  to 

load  P in  Kmuiv  2H;  f he  resultin^i  ratio  is  indept’inlent  of  Llie  imrticular 
modulus  (lOOO  psi)  and  strain  ( I .O)  used  in  the  ea  1 <uilu  t i ons  . Usiii)^  the 
relationship  shown  in  Fi({''.re  50,  stress  intensity  factors  were  obtained 
for  the  various  crark  lengths  and  correspond inji  loads,  lIcMluced  stress 
intensity  factors  are  sunmiari^ed  in  Table  h. 

Pij^ure  51  is  plot  of  the  loji  of  stress  intensity  factor  Kj  vs  I oji 
of  the  crack  tiji  velocity,  fi . In  this  case  data  are  shown  from  the  ini- 
tial point  where  the  pre-crack  started  to  Rrow  to  the  time  when  the  stress 
intensity  factor  had  reached  a maximum  value. 

Kinure  52  is  a ji’.ot  of  the  1 o>£  of  the  stress  intensity  factor  ail.justed 
for  change  in  sheet  thickness,  i.e.,  log  ^Kj(lre)j,  vs  l<'il  of  the  crock  tiji 
velocity,  <1.  Data  iti  this  case  are  plotted  over  the  entire  test  period, 

1 .e . , not  terminated  at  the  point  where  the  stn*ss  intensity  factor  reached 
a maximum  value. 

Other  measurements  made  on  the  projiellant  at  Itocke  tdyne  included  hard- 
ness, density,  burn  rate,  and  sjK'cific  heat.  Hex  hardness  measurements 
showed  a value  of  <>()  throughout  the  carton  hulk  except  for  jtoints  near 
the  eddies  {'  l/w  inch)  where  the  hardness  increased  slijjhtly  (less  than 
(»5).  Averafie  density,  measured  hy  fluid  displacement,  was  O.OtiOl  Ih/cii  in. 

Ihirii  rate  data  were  obtained  over  a jiressui'e  I'unjje  of  (>00  to  KiOO  psia, 
using  a strand  homh.  The  rate  was  0.78  in. /sec  at  1000  jisia  and  ~0  F 
with  a pressure  extionent  of  about  O.li. 


Mueller,  11.  K,  and  W.  (».  Kiiauss:  "Crack  Projiagation  in  a Linearly 

Viscoelastic  Strip,"  Journal  of  Aunlied  Mechanics.  58,  Senes  K, 
1971,  PP  8A5— hah. 


A (1 1 f ft' ia  1 h ca  iiti  i ti^  ra  I or  imc  t(>  r was  iis(mI  t.o  lira  t ami  cool  a 
smi ) I |iro|ic  I hint.  H|K'cinion  at  <i  const.ant  ta  t.c  and  monitor  tlic  resulting 
specimen  t empe r;i tore  . The  rate  of  the  tempi'ratnre  chanpe  was  then  used 
to  deduce  tlie  eni'i^y  in  lltu's  required  to  change  a unit  mass  (in  poiimls ) 
of  propellant  1 dc'nree  ( Hi  hrenhe  it ) , i .e  . , the  sjiecific  heat.  Thi.s  wms 
completed  for  a r.injre  of  temjiei'a  tores  from  IHI)  to  IT')  h os  shown  in 
Tiihle  7. 


finally,  strain  evaluation  cylinder  data  from  Thiokol  were  used  to 
('valiiate  the  hulk  properties  of  the  TI’-llH2hi  propellant  . Nine  2-inch 
diameter  cvlindc>rs,  designated  TX-lIH,  were  cast.,  three  each  with  three 
diffei’ent  core  diameters;  0.21H,  t).ti"57,  and  0.71  inch.  The  motors  wore 
suh.iected  to  q iia  s i -eqii  1 1 I hr  i urn  cooldown  and  cond  1 1 i on  i up  as  outlined  in 
the  Kdtili  .'solid  I’ropellant  Mechanical  Ik'havior  Manual.  The  resulting 
inner  hore  strains  as  re|iorted  are  shown  in  ligiire  13. 


I’sinp  the  cure  dilatation  data  reported  suhsequent  ly''  the  strain- 
free  temperature  for  the  strain  evaluation  cylinders  was  calculated.  The 


"net  effective  volume  chaiige"  taken 
Wiis  reported  as  -0.1<)'f  (shr  i nkagi’ ) . 
coefficient  of  t hi' rmii  1 exjianslon  of 
II . tlOtll  til/dep  f the  c.ilciilated  strain 
nutely  11  ilegrees  (K)  above  the  cure 

The  sti'ains  and  the  temperature 
sets  of  strain  ev.i  Illation  cyliiidei’s, 


rom  the  d.ita  filotted  in  figure  I’l 

I'sing  this  numher  with  a volumetrie 

/ cu  III <11  in  . , 

I K (O.OOOII)) r-'  ) 

deg  1 

-frei-  teinpe  ra  tun*  Is  IWI  1'.  .ipproxi- 
l.emperature  of  I'll  f . 

changes  me;isure<l  from  IHII  f for  two 
those  with  weh  fractions  of  ll.lijl 
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VI) 

no 
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■J 1 . () 
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JO7.O 

1T'*.0 

170.0 

101.0 
1 VJ . 0 
I'l'l.o 

1 1'l . () 

l;j").o 

1 10.0 
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o«.o 
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HO.O 

71.0 
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Vi.o 
Vi.O 
'j().0 

17.0 

H.() 
- 0 . >, 

- O.'i 
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- Ml.'i 

- 00.0 
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-JOH.O 

-117.0 

-UO.O 
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O.-JHl 
0 . UHU 
O.L’HL* 
0.L’7H 
0.'J7K 
0.1>7H 
O.L'7"» 
0.‘J7T 
0.L!71 
0.27L’ 
0.270 

0 . 20H 
0.2'i’i 
0.2')2 
0.2")0 
0.2M) 

0.2'i'i 

0.2n 

0.2l'» 

0.217 
0.210 
0.'J2() 
0.221 
0.210 
0.211 
0.211 
0.  20M 
0.202 
0.201 

0.  101 
0.  lH(p 
0.  IHO 

(».  l.HO 

0.17' 
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<in<l  (I.THin  <')M  f(>s|Hiii(l  i 11^  to  coi-i'  (li.imcttT.s  of  O.lli^O  and  I .IW)  inch,  rc- 
n|H‘ct  1 VC  ly  . were  used  w i tli  iiimultancous  cqucitioii.s  to  find  a otid  V.  Koch 
••quot  ion  wis  of  the  foim 


r . 2 -) 

o 

- - (1  -t  V ) a AT 
a c e 

V ••  A T 

1 

« 

o 


U 

a 


- 2 ( 1 ^ v^)  at 


>*hcrc 

u - (-hoiiKP  in  c:orc  rndiuH  (in.) 

a , I)  - inaidc  and  outside  (jrain  radii,  respectively  (in.) 

AT  - temperature  chnnui*  from  .strain  free  temperature  (deg  K) 

I"  - (1  + v)  Ct,  a varialile  chan^'e  ( i n ./i  n . (leu  K) 

a,v  - coefficient  of  thermal  expansion  ( i n ./l  n ./den  f)  at"* 
Poisson's  ratio,  respectively 


and  the  subscript  c indicates  a case  property. 


The  simultaneous  equations  were  solved  at  each  temperature  where  the 
strains  were  measured  and  reported.  The  results  of  these  calculations  are 
shown  in  Talilp  H.  Hot  h the  effective  coefficient  of  therm.il  expansion 
and  Poisson's  ratio  retn.nned  surprisinniy  constant  for  all  temperatures. 

As  a lesiilt  of  these  calculations  the  v'alnes  of  these  propertii*s  used 
for  thermal  analyses  wiM'e: 


T.'i  X 1<)  in. /in  ./den  I' 


V 


O.'iHO 


TABU-:  H.  Hn.K  )'ju)rein'rKs  c.\i.rn.\Ti':i)  h«)M  centi-:k 
I'oiH’  sTiiMN.s  Mi;.Asna';i)  in  stimin  evalp- 

ATION  CYLINDEItS  WITH  IONS  OF 

O.OIIT  AND  0.7H1»'5  ' 


SFr 

Tempera  ture , 
deg  F 

Coefficient  of 
Th  e rma  1 Fj(  pa  n s i on  , 
a,  in. /in. /deg  F 

Pol sson  ' s 
Ila  ti  0 , 

V 

77 

-5 

5.1  X 10 

O.’iHO 

=50 

5.7  X 10’^ 

0.A8H 

5.'i  X 10"'^ 

0.AH9 

20 

5.9  X 10''’ 

0.48A  1 

5 

5.8  X 10”'’ 

0.’iH5 

-10 

5.5  X lO"’’ 

O.'tHH 

-15 

5.5  X 10'^ 

Q.AH8 

-50 

5. A X 10"’ 

0.A90 

-05 

5.2  X 10*’’ 

0.  'i02 

lABOlUTOHY  AO  INF.  TFISTS 


Twt;lve  ccirtoiiH  of  prope  1 l<i ti t wero  aul) jpc (cd  to  lining  <it  T7,  110,  lAO. 
and  I7D  F (l  curtons  at  each  teinperatiire ) . Additional  unopened  cartons 
were  storeil  at  77  I'  in  the  thermal  conditioning  box  with  the  motors  under- 
going 2-year  aging  tests. 

Subsequent  to  the  aging  tests  on  I he  laboratory  eartons,  a surface 
aging  effect  on  the  propellant  was  noted.  One  of  the  cartons  stored  for 
72  weeks  at  I7D  I"  was  tested  to  det<“rmuie  propellant  properties  as  func- 
tions of  distance  from  the  surface,  Tla-se  data  are  jilotted  in  Figures  Y'j 
and  Y<i . This  carton,  like  the  others  in  the  laboratory  aging  tests,  had 
Iw'en  ofiened,  sampled,  resealed,  and  stored  in  a container  purged  with  dry 
nitrogen.  It  is  apparent  that  oxidation  at  the  surface  had  nontheless 
occurred.  Since  the  same  procedure  had  lieen  followed  for  all  cartons. 


I 


tin'  a^iiifr  ofl’l'cts  not<'(l  were  jiritnnrily  at  t ri  hutcil  t n Hiirlata'  response. 
Data  I'nmi  tli<‘  stariMl  cartons  arc  presented  in  tijrares  Ii7  lliromili  T) . 


A(;in(t  data  tor  i?  levated-teinpe  ratnre  storage  are  oDviously  biased  b_\ 
t lie  initial  18  weeks  of  storage  at  aiubient  (elapsed  I iaie  from  pro|iellant 
cure  to  start  of  aging  program).  The  plots,  figures  17  llirougli  I'l , are 
Imsf'il  on  time  at  temperature. 

Mean  aging  rales  for  the  three  storage  t,eiii|M' ra  t u res  <ind  Ihiee  cliaiai- 
leristics  are  listed  in  Table  ‘I  along  with  the  i>  xl  i a po  la  ted  initial  values. 
These  rates  are  replotted  as  functions  of  teoi|H- rat  are  in  figure  'iD.  Onl\ 
a limited  amount  of  hulk  aging  data  were  available — that  from  the  I 7D  f 
(art  on  discussi'd  above  and  data  from  uno|M'iied  cart  on.s  stored  lor  i!  years 
at  77  I.  Data  1 rom  these  tests,  with  an  admitted  hit  of  interpolation. 
Would  indicate  hulk  aging  characteristics  as  tabulated  in  Table  ID  and 
pi  ot  t ed  in  f 1 gu  re  'i  1 . 


lAlUl  'I.  8LU1U1  AtilSt;  tUTfy  HlU  U'-H82l'» 
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0.  lb') 
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1 1 
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♦liiiseil  on  bulk  projH'lIunt  tests 


The  object  of  this  .study  wus  to  develop  tlie  ability  to  estimate  t he 
amount  of  chancre  occurring  in  a motor  in  the  field.  As  a test  of  the 
validity  of  the  ajiing  estimates,  carton  pro(H'llunt  stored  with  the  motors 
for  li  years  was  sam[>led.  Ili'^a  rd  iti)'  predictioti,  to  calculate  how  much 
change  will  occur  in  ~ 1 week  of  storable  at  a teni)>eratnre , V.  one  must 
first  di“ t(*rm ini'  ttie  cumulative  change  preceding  the  start  of  that  week's 
storage.  Dividing  the  cumulative  change  by  the  aging  rate,  1),  for  the 
.storage  temperaticre , T,  yields  an  equivalent  age,  \',  on  which  to  liase 
the  ciHopiitation.  In  equation  form: 

(T)  = * t)  II  (T) 

whi'i'i' 

- total  change  at  start  of  test 
a (T)  - aging  r.ite  at  temperature,  T 
C|  (T  ) - total  change  after  t wi'i'ks  of  storage  at  T 


1(1 


Til  li  U>  11  lists  tlu'  storajrv  turcs  , (M)iii  vu  lent  un«- , iiml  iiiinii- 

lutivf  rliaiifie  for  I'ui-li  of  tln>  tlim*  lost  cliiiru c tor i s 1 1 cs  for  tlio  li-yoar 
motor  ti‘st  ryilo.  Sinic  tlio  e f fort  i vo  ra  to  of  rhori^o  was  iioarly  /oro 
for  lotnpora  tiiros  ho  1 ow  (n  K,  tlioy  liavo  hooii  corKlonsoil  i ii  tlio  tahlo.  Tlio 
rosiiltaiit  (irod  irtod  and  moasurod  (iroportios  a ro  uivoii  in  Tahlo  11!. 

Thoso  rosults  aro  within  t ho  accuracy  of  t !u-  uniaxial  losponso . 

Ttioso  a^iiiK  offoct.s  arc  simi  1 1 comjMrod  with  values  ohtainod  after  J-yoar 
storaj!o  af  77  K.  The  question  now  to  Iw  answered  is;  How  will  tlii-y  com- 
jia  re  with  va  1 iios  iihta  i nod  after  I yiuirs  of  actual  storage  in  the  environment 
that  Wiis  heinn  simulated?  This  environment,  discussed  previously,  is  shown 
III  Fitrare  I'l.  Tro|ii<-  st-ora>je  is  the  most  significant  for  the  chemical  1\ 
induced  effi-ct.  lor  the  AI.IVT  pro^rram,  the  motor  is  assumed  to  he 

siihjected  to  1! . 1 years  of  this  storage  (reaching  thi'  summer  maximum  three 
times).  A similar  aii.ilvsis  of  this  environment,  assuraiim  the  ajiiiip:  rates 
shown  in  Fij;un-  'il  , yii-lds  the  comparison  het.ween  simul.ition  and  actual 
eiiv  1 ronin<‘ii t shown  in  Tahle  IT.  The  result  is  haseii  on  assuming  the  mean 
daily  tem(M‘rature  for  (he  motor  and  assiimiii(j  (he  motor  is  stored  for  'id 
weeks  at  77  F hefore  deplovment.  Results  shown  in  Tahle  IT  show  that 
I'hani'es  in  modulus  and  tensili<  strength  ai'<*  slightly  si-veie  (simulation 
vs  actual),  while  strain  remains  the  same. 

Thus,  hased  on  charac  ter  i /.a  1 1 on  data  and  the  environment  to  wliich 
the  motors  were  siih.iected,  we  expected: 

I.  Only  sliitht  changes  in  material  pro|H‘rties  diirint:  the 
U-year  test  of  T-year  service  life 

I*.  Ak  I »K  resultintr  from  (he  12-year  storage  environment 
shoulil  adequately  simulate  T yea  rs  of  #ervire  life 
storuKe  of  which  12. T years  are  spent  in  a tropical 
c I 1 ma  te 

Surface  afEing  phenomena  apjiear  to  he  more  severe  tluin  hulk  ajjinu. 

The  effect  tins  has  on  a sealed  motor  and  the  potential  for  re  vers i hi  I i I y 
through  here  treatment  are  not.  exploreil  here. 
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TAItU.  Ili.  IWJ)!™;!)  VS  Mt;.\snKHl)  I’ltul-Kl.l.wi 
I’KDl’Kiri'lliS  Al'TKU  1V(I-^1,AI(  Siomiil- 
\\  nil 


(Ala  ra  cti-r  i s t i < s 

I’red  i cted 

Aetna  1 

K 

If 

, d"),  psi 

100 

W'l 

i 

c 

* pH  1 

120 

121 

r?i 

c 

1 II ./ 1 II . 

0 . 'i  1 

0.17 

n\ 

_ . . 
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siMi  i.vn'.o  vs  Am.Ai,  stoiuoi;  kwiiionmiint 


storage 

I’red  I c ted 
(’ha  ra  ct  er  i s t i cs 

S iiiiii  la  ti*il  (Acce  I e ra  ted  ) 
I'.nvironmc-nt 

2.1  I'ears  in  Tropics 

lOO 

01 

oj,  psi 

1 20 

I2'i 

e , III. /in. 

, !!^ 

O.'il 

O.'i  1 

Dii  t<i  (ill  l.ii  I iiimI  ('Miin  |>ropt’ I Jan  t stoi'cil  2 yi'a  rs  at  77  I and  frcrtn  pro- 
pcllaiit  Hl.oicd  witli  the  mcitorM  a ro  shown  in  Kifinrcs  I hrmifih  'I'j.  iho 
consistent,  if  small,  rh>in^cs  are  apjiarent. 

In  lien  of  direct  vihration  measurement  of  the  dyiiaiiiic  modulus  of 
this  propellant,,  th«'  in-situ  dynamie  tjage  was  used  to  monitor  propellant 
dynamir  modulus  as  a funetioii  of  ajie  . Thc'Se  tjanes  were  removed  at  I lie 
end  of  the  Iti-weeK  a^iiiK  program.  The  najjes  themselves  were  exhihitiii^ 
atciiiK  prohleras,  which  raised  questions  as  to  the  validity  of  the  data 
ohtained.  llc-cause  of  I lie*  jrajje  dynamics,  data  at.  frequencies  a hove  10 
lll•rtz  were  discarded.  Kijiiires  'iti  and  t(7  illustrate  thi‘  results  as  mean 
values  (of  three  samples)  of  the  "real"  component  of  thc>  modulus,  F.' , and 


tiu*  loss  (.anKetit  , tan  cp , vs  fri‘qniMu-y  and  sample  storapre  time.  The  gen- 
eral trends  of  the  da ta -- i iierease  in  modulus  with  frequency  and  aging 
time  with  decrease  in  loss  (angent  witli  aging  time  — indicate  postcuring. 
Scatter  of  the  data  and  inconsistencies  in  the  test  teitmique  comhiued 
with  the  aging  liehavior  of  the  gages  themselves  restrict  use  of  these 
data  for  quantitative  purposes. 


Vi 


MdKiH  misnUP'l'lUN  AM)  AVM.YSI." 


Till'  cx  per  1 tin'll  ta  I cn'iirL  on  Uio  moLor<  via;*  lia-iil  on  Llio  load?-  itoliiii- 
tioii  !<tmi|t•^i  ami  on  an  analy‘'i.«  of  tlio  motors.  ilii-  set  Lion  ilostrilio- 

Llio  motors,  the  omln'tldocl  i ns  trnmi'ii  La  L i on,  and  tlio  stress  analysis  leading 
to  the  a<  tmi  I tes  1 1 no  . 


Mojoii  Di-j^numos' 

Two  12-i  nr/i-diamf  tt.'i’  niotor.s,  Fitrure.s  )|H  anil  'i9,  were  cast  in  Di'i'emher 
1*173  and  delivered  to  Rocketdvne  at  MeGregoi',  Texas,  in  Mareli  l*17^i.  Tlie 
propellant  jrrains  are  li‘)  inches  lorm  and  are  floated  at  the  forward  end  of 
each  motor,  Tlie  jirain  confijrnration  is  an  axisymmetr ie  cylinder  of  (>7^ 
well  fraefion  in  the  forward  half  t^ipeiinjr  to  a weh  fiaetion  at  the  aft 
termination  plane. 

Ihe  motors  were  i ns  Lrntiieii  toil  hefore  they  were  shijified  with  stress 
and  strain  najies  and  tempera  Lure  sensors  as  indicated  in  Figures  hK  and 

Fimnre  Kl  illustrates  the  inner  here  clip  finf'r  installation. 

(lAlil  CALIHlAllUS 

A - discussed  III  the  Test  I’laii  Di'si  r i pt  i on , the  motors  were  thermally 
cycled  from  77  f<'  An  -'JO  to  77  I'  with  firain  pressor  i /.a  L i on  for  normal 

{irain  response  calihration.  They  were  eond  i L i oned  at  lU-defiree  ( F ) inter- 
vals for  ahont  20  hours  (well  he\ond  the  time  reipiired  to  attain  thermal 
eipii  1 1 hr  mm  as  indicated  liy  thermocouple  rakes)  then  snh,)ected  to  a pies- 
siiri/ation  cyi  le  in  lO-psi  increments  from  -lo  to  ”i0  psi^.  I’ressnres 
were  held  Ip  iiiinntes  at  each  step  to  permit  firain  creefi  to  stahili/e. 

The  lio  I d I Ilf:  time  was  slifrhtly  short  at  -20  F resnltiin;  in  a hysterisis  of 
aliont  O.H  millivolts  in  the  amhieiit  firessiire  normal  fiiifie  readiiif:.  (iafie 
load  and  no-load  data  are  plotted  in  Fifiiires  31  throiifih  82. 


Kifriiiv  ~)\  shows  a typical  nonnal  jin(£c  pressure  response  lor  the 
Hanes  oil  Mot.or  7-  fiage  sensit  ivity  iartors  as  ilete  rmined  in  these  tests 
are  s iimma r i /.e <1  in  Figures  ami  Uage  no-loaii  data  as  determined  by 

Thiokol-Huntsvil  le  are  shown  in  Figures  Vi  and  '5*'5.  The  data  scatter  and 
limited  numlK' r of  tem|ie  ratures  resulted  in  a high  degree  of  uncertainty, 
which,  in  turn,  affected  the  interpretation  of  motor  stress  state  as  the 
program  continued.  There  was  an  apparent  malfunction  in  the  thermal  cora- 
(lensation  ciriuil  on  Normal  (iage  Nti-tiO, 

Shear  gage  calihration  data  were  available  from  pre-installation 
data  obtained  from  Thiokol-lluntsvi  I le  . I’re-caat  iio-Joad  data  for  these 
gages  are  shown  in  Figures  ')!>  and  '57.  Sensitivity  data  are  shown  in 
figures  IH  through  71. 

Thermistors  for  the  shear  gages  had  Is'en  calitirated  hut  those  for 
the  normal  gages  were  calibrated  during  the  thermal  cycle.  These  cali- 
brations are  showai  in  Figures  7-  through  Hi.  Thermistor  N'l-'iH  was  not 
coniieiled,  and  Thermistor  N''i-(i2  did  not  function. 

A plot  of  cooling  during  a step  in  the  thermal  cycle  is  shown  in 
figure  HL’.  ( lip  gage  calibrations  are  given  in  Table  I 'i . 

tluick-look  normal  gage  data  are  summari/.ed  in  Table  I'l.  The  dispar- 
ity in  gage— I ndi ca ted  bond  stresses  at  the  end  of  propellant  cure  indicated 
a distinct  possihlity  of  a non-uniform  stress  state  induced  during  cure  by 
partial  adhesion  of  the  curing  grain  to  the  mandrel.  Hecause  reduced 
stresses  are  so  strongly  influenied  by  gage  no-load  data,  the  data  scatter' 
must  he  primarily  attributed  to  this  no-load  uin  er ta i ii  ty . 


I Ull.l  I').  01  |I  K-l  OIIK  \IIHM\I  i.Abl  1>.\1\ 
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llii‘  < 1 1'(  II I •!  r- (III  I t jii’iimiLrv  nl  Un-  ''ItHIW  iiiiiko  Chi'  iMutnr  (ll•'l^Jn  aini-ii- 

• ilili'  I 'I  .iiiiil>'i'  ii'iiic  <111  <i\ I '>  timii' Lr  1 1 liniLi'  l•ll■lnl■llL  iiiiiil<l.  Iln’  |iiitn<irv 

m.i  I \ I I I <1  I Lmil  ii'iil  v>;i'  till-  \ l r Kn  r<  I'-ili' ^ 1 n (nil  \ i - 1 ni’ 1 <i  - 1 1 i i 111111111  Li‘ ■' 

1 cull'  lll\IM  . Illi'  li.l:-i|i  llM  I/i'l  I <1  I |l|•ll|M•|■  L 1 I'S  — itlll.iviill  ri’ I <l\.l  L 1 nil  lllnilll  I II  - , 

I niiiliii  L I \ I tv  , anil  I III' I r I r I i-ii  t III  lliiTtiial  n\ |iaii“  1 nii — ii-ml  in  llin  analysj<-i 

all'  il  I -I  n.-snil  III  till'  l*rn|in  I I an  L SniLinii. 

I nr  .iiial\/iny.  tlinimal  |■^•1■n  1 L.-^ . <111  n \<I|II|I  I n ia<n  iif  innliiin  tlm  llint<i' 

I I n'li  Mill  In  — L’lt  K Ini'  'iH  llniiri  i il  I >i  11  - mil  . llm  ti'iii|inra  Lni'n— v : — Liiiin  pint 
-liia.n  III  Kljiill'r  ^^"i  ili'si  r I bns  tlin  till  nimll- tlin-\*n  li  tlnriiial  |■l‘-pnn-n  nnar 
III!  iii.ilnr  III  1 v'-p  I aim  . I ipi  i I i lir  i inn  ti'iii|ii'r<i  turn  11  v i r I iia  1 I y nli  ta  i imil  in 
.ilnnil  ~’J  liniir- . liiiiir  linrn  liniip  strain.'!  at  tim  m 1 il-p  1 ann  anil  mar  tim 
|iir\>.iiil  null  III  Llm  nrain  (simrn  Llm  ixr.iin  is  llnalnil)  am  plnttml  a- 
I mil  linii-  nf  Llllin  111  I'iiflirn  Hl|  . VnlV  llttln  (rinp  I-  pl'nll  I I tl’il  I'lir  til  1 "i 

pinpi'M.int  (i.n.,  Llm  'train  iliantti's  vir,\  liltin  al'Lir  mpi  1 I 1 hr  1 niii  Lniii- 

pniatiii'i'  I mill  I t i nils  ari'  rnai  Imil  I . 

Itnally,  limnl-liim  nnriiial  stri."i's  at  naili  nf  Llm  tlirnn  1 n ~ Lrniinn  tnil 
pl.iim-  am  plnttml  in  l''ii’am  Ha.  llm  liiiilmsl.  <-tmr>'  Irvnl  miiii'.  nl 
iniii-,',  at  llm  iiintnr  m 1 il-p  I aim . llin  mlal.ivn  ,-nrtin"s  nl'  till'  pi'npn||<int 
mil  Llm  lnv«  lu  ll  I'rai  Linn  nl'  Llm  mntnr  ilnsiftn  <im  ml  li'i  Lml  in  Llm  pmilii- 
I I'll  liniiil  sLms'  III'  Inss  than  "S  [isi, 

IvLiniliiijt  th  m analysis  tn  Llm  L!-ynar  Llmriiial  lil-tniv  Inr  nai  li  n* 
tin-  iiintnr-  yii'lils  till'  hnnil  ' tr  i‘ s s— vs- 1 1 inn  prnrilns  plnttml  in  |''n;nms  si, 

• mil  .H7  . Mil'  nlfnits  nl'  hulk  littiim;  as  ilnsirilmit  in  Llm  I’rnpnllant  '■nitimi 
Iniii  Immi  1 in  nrpnra  Lml  iiitn  Llinsn  rn'iilt'.  shli'll  n ssnn  L I a I I \ ml'lnit  I Im 
a"  1 nil  prnrnss  . 

III!  ntlmr  Inailinu  nf  s 1 |»n  I 1' 1 ( aiirn  is  that  nl'  transvnrsn  vihralinn. 

\n  .in.ilv-is  III  Llm  ilynaiiiii  rnspnnsn  was  rninlim  t ml  nsin(i  tim  I'Xl -'laO  1 niii- 
pnlii  iniln,  wliiih  ailinits  v i smin  I as  t 1 c paranin  t nr-  in  a plann  striiin 
sn  I II I I nil  . 
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\ \ tl  I K i>I  t ill,  oacli  of  Uic  c i rctimfc  rout  ui  1 rust;  mulos  was  ui- 

I’lii  In  olilaiii  rr<M)iionc_v  rospcmso  solutions.  l•ol•  sinusoiilal  viliration  llic 
<1 1 spl  ai  cmi'ii  t IS  cx|irossf(l 
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( - rol  l INI’  fri‘()ii(Mi(>  III  lli  rt/. 

I — I I iiio  I II  ■•id  (iiuls 

III  M I’l  ■•II  L I ii  I I lie  twico  jrivos  Llio  .icro  1 ora  1 1 oil 
V -('2  rt  < )-  y,„ax  <•< 


wli  I I li  viol  ils 


(L'  ^ I )■-' 


O'  •III  o\|iro'sioii  lor  I ho  iii|iiit,  il  i sp  | ai  onion  L as  a rout  tioii  of  I’or’i  iiiii 
I I oijiii  III  y . 

Ilio  If  oi|iioui'V  ros|ioiiso  Miluliiiii  fill-  a V i SI  in> ) a ' 1 1 I striuLuro  wiis  oh- 
i.iiiiiil  liv  soils  L I l.ii  L i oil  Ilf  V I s I (10  I as  1 1 1 i no  f I 1 1 i on  t' , ov|iros'Oil  ;is  froi|iioiu  v 
■ l•■|o■lll|i■ll  L ioiii|i|ox  Iiunihor-.  fill-  tho  o|asL,(  miilorial  [irii|iort\  iiioff  i o i oiiLs 
III  I ho  I orros|iiini|  I olastio  sii  | u (,  | im - 


I * ( I I ) = I ' ( I I I I I ''  (l  ) » 

* (|X  ) - V (i  ) , I (i  ) 


liiiio's  I'olati'uis  hold  fur  Uio  loinplox  moilii  I i . thus, 


•’*  ( I II  ) 


1/li 


1*  (il) 
fi  n*  ( i II  ) 


M) 


Mat.iTi.ll  (ifii|)iT  1 1 cs  iissimI  Ioi-  tin-  |ii'(i|ii.  I I an  L at'c  those  measared  ftir 
I I’-IIHL!  I ’i  . l''re(jiieiK  y-tle|M'iuleiit  values  liir  I*  ( 1 1,  ) are  plotted  in  FiKiire 

. rropellaiit  deiisl1>  \<as  U.Utili  1 hiii  i ii  in,;  hulk  modulus  was  assumed 

r. 

I o hi'  ~ . “ X lit  ps  i , 


Ihe  ciiM'  was  assumed 


to  he  elastic  with  the  rollowiiin  properties; 


Modu  I us 
Mill  kill' s s 
I'olssiu.'s  K.ltlo 
1 Ii  1 1 ' 1 t\ 


T.L’  X ID'  psi 

11.11.’  III. 

II . "i 

(l.liHl  I hm  111  111. 


ihe  ai  tiia  I motoi  h.i.~  .i  thin  riihher  liner  hetweeii  the  propellant 
ei.iin  and  the  i.ise.  Ihe  liner  was  not  ini  lulled  in  this  analysis  heeause 
I I V I sene  I a - 1 1 1 propeit.ie-  were  not  available  and  its  el'fi-it  on  the 
over. ill  le'iilL'  w.is  expel  ted  to  he  minor  due  to  the  small  amount  firesent. 


\ nniiiher  ol  -teadx  — t.ite  sol  nt  ions  were  laliiilated  for  frenneiie  i es 
I'.inuin;;  hetween  all  and  ~llllll  llert/',.  I'a  1 1 ii  I a 1 1 oils  made  hetween  ’)ll  and  rjllH 
lleil/  iniliealeil  a fii'sl  resonanie  at  approx  i ina  te  I y lllllll  Hertz.  Suh~ei|uen  t 
I iiliipii  1 .1 1 1 oils  at  laHII,  L’lMIII,  anil  inilll  Hertz,  ludieate  a seeiuid  resonanc  *■ 
iie.ir  L'llilll  Hertz.  The  i ,i  I i o of  laleiilated  normal  stress  to  stress  fur  a 
uni  I load  appliiation  in  Ihe  outer  |iropellaiit  element  in  the  direi  tion  of 
In. Ill  input  W.IS  used  to  ile  t eriii  i in-  resonant  fri'niieni  les.  Ihe  results  are 
shown  III  1 inure  H'l.  The  ratio  of  raleulated  d i s pi  aiemeiil  at  the  inner 
hole  node  1)0  ili'nrees  from  Ihe  iliri.'ition  of  motion  to  the  input  displaie- 
iiienl  Is  also  plotted  in  I inure  HO  and  verifies  Ihe  resoiiaiit  f rei|iUMU' ie  s 
lllllll. Ill'll  h\  Ihe  stress  .iiiip  I 1 1 iide  ratio.  The  d i spl  aeeiiienl  i on  f i nu  ra  I i on 
loi  Ihe  nodal  points  loeated  on  Ihe  radial  line  pe  r|H'iid  i eii  I a r to  the 
direi  t.ion  ol  motion  is  shown  in  T more  00  for  f rei|iieni  les  ranniiin  from 
100  to  I OOO  Hertz.  T'or  the  .''llllDM  propellant  weh,  we  expeit  a non- 
I esonani e hond  stress  of  ahoiil  0.1  ps i n.  Kor  a 1-n  input  then,  a l-psi 
dxn.imii  -Lri'ss  is  prediited  at  the  lower  f rei|ueni  i es . 


'll 


MHKNG'III  ANALYSIS 


rile  low  stri-Sf-i-M  and  tiLrains  LliaL  result,  Croni  Uie  low  tiinter  v..di  frai 
l.iiin  .ire  net,  exfieeted  tn  cause  meLer  failure  even  after  extended  apinji 
slien  llie  inetei‘H  art*  tt*sti*d  v^ithiii  the  rt*niuie  ef  serv  1 1 e— env  i reninen  ts  . 
Iti'leirirui  te  tile  cnnstant— leitd  — te— liiilnre  character  i/atjnn,  fijiiiri*  ^*1, 
a ..(less  ef  less  than  |()  |is  i is  i n-iif  f I c i en  t to  i anse  perce|iti  h 1 e daiiiajje  . 
Iherelere.  line  heiild  net  ex|iect  meter  failure  m Lhe  L.'-vear  testina  ef 
Lhe~e  meters . 


MOTOH  Tl'.ST  Hi..Sl»()NS|-: 


Motiii-  rcspiiiisc  to  tho  various  oiivi  roiuiion  t<i  I loadiiics  is  i iito  rjiro  tod 
in  toims  ol'  (ho  rospoiiso  oC  tlio  omhoildod  ea(ros,  Tlio  ilatji  aro  oxaminod  in 
(liroo  ai'oas:  (l)  rosponso  to  tho  prc'ssurizati  on  ca  1 i lira  ti  on  oyilos  con- 

diii  tod  holoro  and  attor  tlio  li-yoar  sorvioo-1  i to  simulation,  (L!)  rosjionso 
ol  1 ho  oagos  in  SlillDM  7 during  capti  vo-fl  ight  simulation,  and  (i)  ro- 
sponso to  tlio  slow  thorraal  variation  ot  tho  arroloratod  storago  oyoling. 

Iloiluotion  of  gago  output  to  onginooring  units  is  liasod  on  tho  no- 
load  lalihration  and  sonsitivity  data  suppliod  with  tho  motors.  As  a 
pi.iolioal  nxittor,  moloi-  aging  is  as  roadi  1 y monitorod  hy  comiKiring  raw 
gago  outputs. 


PIU'SSlilllZATION  CAI.imtATION  (:y('u:s 

I’rossur  i/.ati  on  ca  1 i hra  ti  on , doscri  hod  proviously,  was  i ondiictod  ovor 
(In'  range  ot  laH  to  -17  1'  in  Soptornhor  1'17'i  and  ovor  tho  rango  ot  la"i  to 
~'i~)  K in  Sojitomhor  1*)7<).  K<aw  gago  outputs  aro  plottod  in  I'iguros  'll 
(hiough  *10,  Irora  thoso  ilata,  wo  note  slight  changos  in  gago  outputs 
wiih  I'olativoly  littlo  cliango  in  thornual  stross  or  strain  rosponsos, 

( hangos  in  lovol  ot  output  are  t<ihulatod  in  Tahlo  lli,  whoroin  wo  see 
no  1 riiisistont  [Kittorn  to  indicate  a di  ttorema'  hotwoon  tho  tu-o  motors. 
Changes  in  stress/strain  at  each  motor  site  aro  coraixired  in  Table  17. 


TAIIU;  1().  Ktnt’TS  OF  ArilNC.  ON  SlillDM  MOTOH  GAOFS 


Motor 

No. 

Average  Cluuige 
ill  Cliji  Gage 
Hesponso , mv 

Average  (Aiange 
in  Normal  Stross 
Gage  Response , mv 

Average  ('liaiigo 
in  Shear  Stress 
Gago  Hesiionse,  mv 

1 h 

"1 

-l.'i 

-2.0 

-0.1 

7 

-3.'5 

-0.() 

-1.0 

1 


'•3 

i 
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TAIU.I  17.  C(lMr\Jl\TT\i:  STIUSS/sTiaTN  lU'M’ON.''!;  Coni.-IXKN 
IHOM  no  TO  -10  1’ 
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Mill  or 


So  pi 

ember  J<)7 

1 

September  l‘>7 

(1 

Location 

llond 
Stress  , 
psi 

llore 
Strain , 
$ 

Shear 
Stress , 
psi 

bond 
Stress , 
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Till'  .“lull  in  rliji  j£;i(rc‘  uutpiil  (Table  !())  is  perliaps  itiihcative  of  a 
1 i till  t on  i ii(f  cui'o  (and  corriispoiuli  njr  volumotric  slirinktoe  of  (bo  (rrain). 
ibo  I liaiiao  is  on  tbo  order  of  IJi'  straLu  ou  Mottir  't , wlvicli  was  tempo  ratui'o 
0)0  lod  only,  and  strain  ou  Motor  7i  wliicb  was  tomiK-raturo  cyolod  and 
suli|o<  l.od  to  I aiitivo-l'l  iglvt  simuliitiou.  Stress  rbaii(£os  aro  imiob  loss 
s i ou  I f i I an  t . Tbo  simllor  obanjjo  in  Motoi'  7 resulted  from  a lai'dO  posi- 
tive 1 baiioo  (loss  stress)  in  tbo  uajte  at  tbo  foivard  end  ol  tbo  motor. 

Tbo  stiossos  iitty  have  eban^od  less  from  (be  initial  readings  tban  would 
ba  VO  boon  o\|K'rtod  duo  to  tin-  ago  ol  (bo  mol.ors  and  their  exposure  to  (bo 
onv  1 1 oiuiiont  before  (bo  s(art  of  testing.  In  addition,  normal  stress 
g.igos  have  a tondeney  to  drift  soniowltit  with  time.  Nonetheless,  labora- 
tot  y t<•s(,s  of  aged  cartons  and  tbo  motor  gage  ilata  indicate  that  Tl’-UHtllb 
propel  lan(.  is  susceptible  to  aging  at  a very  low  rate. 

lor  coiiijiar Ison  with  an<i lysis,  a replot  of  average  stresses  and 
strains  for  tbo  1 •177  cycle  is  presented  in  Figui-e  07  along  with  the  t.ora- 
|H'ia(ure  eiivi  roiuneiit  in  that,  cycle.  Altbougb  the  strains  comjiai'e  favoi  - 
<ably,  measured  stresses  are  bigber  tban  jiredicted  by  almost  lour  times. 
Three  sources  of  error  are  identifiable: 


I.  A limited  m tiidy  in  (lie  hilxuatory  nl  iiiiiaxial  vs  imilti- 
axial  lieliiivior  imlieat.ed  lii>ilier  luiiliiaxial  stillness 
(irnxliil  IIS  ) tlian  noriiwil  ly  ex|H.‘eted.  Tyjiiial  ly , the  uni- 
axial/h  iax  la  l/(r  iax  ial  niiiduliis  ratio  is  (i/h. Kor  Tl’- 
lIM-t'i,  liiiwever,  the  observed  ratio  was  on  (he  order  of 
j/H/lO,  Thus,  (he  triaxial  stil'lTiess  ( rejiresen(«i(  i ve  ol 
|iro|H>llan(  hulk)  is  ~ ~)(Ki  hitrher  (haii  expeel.ed.  This 
could  indiiate  a "JlK  hiiiher  s(ress  (,han  calculated. 

The  jiaiie  calihralion  and  loiiii-teim  hehavior  result  in  a 
si  jrii  j t i lan  ( uni  <' i (.ai  nty  in  (he  st]',>ss  (laire  measured 
s ( resses . 

A.  The  motors  were  aired  — ')  months  he  I on-  (he  conduct  ot  the 
I 1 r - t test.  The  elicits  ol  the  a(iinu  are  somewhat  inde- 
(ermiiiale  hecause  early  ai;in(£  on  (he  carton  piopellant 
wa~  not  oht.iiiii'd  and  siihsei)uen(  affiii!;  was  marked  hy  siir- 
lai e ellects. 


Vi  (lull  ly,  the  tact  tluit  measured  stress  exceeds  the  aluilytic  predi 
t I on  h\  a l.ictor  of  tour  indicates  (he  overall  unce  r t,i  in  (y  in  ho(h  aiuil 
>si'  and  me.t '111  eiiien  t . In  .iiiv  event,  stress  leiels  are  still  helow  that 
iei(uired  to  induce  'iiinil  leant  d.imajre  as  measured  hi  (he  constant-load- 
I o-  1 .1  I I ore  me  t hod . 


( \I-11\T  -ll.IC.llT  SlVin.VTlON  T1.STS 


Mol  or  7 iia ' -uh|eiliol  lo  two  si'iies  ot  handling  and  dipt  i ve-t  1 i eht 
iMiol.it  ion  t e - 1 - ,1-  indii.ited  in  lijiure  11.  I'hti  ra  c te  r 1 ^ii  t i on  l-jr  sine 
-uiieis  Were  londiiited  olet  the  t em|H‘ I'u  t II  re  I'aiiire  17*)  to  -tit)  K in  one 
(i.iiisiei'e  .1X1'.  ((line  and  iiiotiu  response  ale  illustrated  in  I- inures  ')H 
t III  oiiiih  lO'i.  1 tie  1-n  loiiirul  input,  plotted  in  1 mure  <)H,  represents 
the  .iiei.iite  input  III  two  rini!~  loiated  a pprox imii t e 1 1 1 'i  inehes  torward 

.mil  .1 1 t ol  1 III  eeiiier  ol  niaiity  u!  the  motor.  Imure  <)d  shows  the 
re  |M,ns(.  at  (In  oi"d,i  teiitei  III  (tfiivity.  Kesponse  |H-aks  at  111  and  I’M) 
Hell/  aie  Holed.  I mures  1(10  and  101  provide  respon.se  at  the  I'lnated 
loi-u.ird  end  ol  the  jitaiii  and  the  ad.)arenl  etise.  lles|)onse  peaks  at  111 
and  1h1  tlerf/  and  rainm  |M-aks  at  L’til , llo,  and  110  Hertz,  were  recorded. 


M 


Tin-  inii.jor  i-fsponi^eB  wjto  cliaracterizCMl  Ijy  a ampli  fii-ati on  of  less 

tliiiii  U : 1 . Plots  of  gape*  outputs  are  shown  in  Fijrure  100.  (lape 

N'7-T7  output  was  so  noisy  in  this  U-st  that  aiuilysis  was  precluileil . 

Cahlcs  for  this  pape  were  suhsequciktly  repaired,  and  it  was  monitored 
ilurinp  the  dynamic  tests.  Gape  N7-iyi  located  under  the  thin  aft  propel- 
lant well  sliowecl  virtuiilly  no  response  due  to  the  luph  noise  level.  Suh- 
se([uent  testiup  yielded  peak  outputs  of  nearly  1 millivolt  (~  I i>si  ) at 
til  i s site.  Norimil  Gape  N’7-<<l  , at  the  motor  center  plane,  resjxmded  in 
(he  110  and  1!<)0  Hertz  (Kinds.  Gape  N'7-()3,  located  near  the  root  of  the 
I oivard  floater,  resj)onded  to  forward  end  resonances  with  [xuiks  up  to  3 
millivolts  (~  3 J'si)  at  113  and  lH3  Hertz  and  a L!  .3-mi  1 1 i volt  |x;ak  at  2(i0 
Hertz.  Shear  Gape  S7-133,  at  the  motor  mid-plane,  responded  at  only  one 
frequency,  120  Hertz.  Gape  S7-I37,  also  at  the  mid-plane,  responded  at 
113  Hertz,  and  with  a small  sipnificant  response  at  173  Hertz.  The  for- 
ward head  shear  pape , S7-l’i0,  peaked,  like  Normal  Gape  N7-<>3,  at  113  and 
1H3  lli-rtz  with  smallei-  peaks  at  2()0  and  320  Hertz.  rin‘  clip  papes, 
responses  from  two  of  which  are  shmvn,  did  not  exhibit  any  sipnificant 
dynainir  response. 

1 rom  these  data  we  can  characterize  dynamic  ri'sjionse  of  the  SlIlt'M 
mot  oi  as  fol 1 ows : 

1.  The  motor  exhibits  bendinp-tyiM'  motion  at  about  113  and 
230  Hertz. 

2.  The  forward  end  has  additional  responst',  proltably  due  to 
the  floated  foiv.'iril  heail  in  the  prain,  at  1H3,  330,  and 
330  Hertz. 

3.  None  of  these  resonances  excite  the  inner  bore  as  a true 
pram  resonance  (preiluted  to  occur  at  about  1000  Hertz). 

(i.  The  small  web  fraction  and  cylindrical  peometry  of  the 
motor  desipn  and  tlu‘  increasinp  stiffness  of  pro|M'llant 
with  frequency  ilo  not.  produce  serious  prain  ri'sponse 
under  dytuimic  conditions. 


llic  ('rit'cl,  of  U'lniH'ratuiT  on  <lyiuimic  r<‘8|ioiis<‘  in  stivill.  At  Ko  !■  , 
no  <ti-<tiii<  t t'oi-v.,ii(l  lioiiil  rosonnnci'S  voro  not.oit.  Tliroo  f'ro(|ii(‘nc i cs  |)j-o- 
iliuoil  ilyiiiimic  ix'fiks,  IT**  iUKl  Mortz  and  a liand  from  'if!H  io  'iH(l  llorlz, 
\t  (I  I',  I fic  toiv;i.rd  ond  had  a distinrt  lavsonancc  at  lUO  llortz , tlio  ontiro 
motor  at  111  llort/  and  ajrain  ;it  lilXI  llri-t/.  At  -t»l  !•',  tlio  forward  head 
-howed  a sm.il  I peak  ;it  ahoiit  IIH)  lici  t/  and  the  entire  niotoi-  at  about  L'OO 
Ihrl/,  Use  i I I oseo|)e  displ.iy  of  the  forvyjird  head  acre  lei'ome  ter.s  and  liajies 
irave  no  indication  of  liancinii  between  th<‘  floated  end  of  the  jirain  and 
I he  ease  wa  I I . 

Ilesponse.s  of  till'  frames  to  the  l-(i  sine  sweeps  eondneted  as  a part  of 
each  series  of  eapt  i vi'-f  1 i(;h  t slmnlations  are  tahniated  for  eoinpirison  in 
l.ihle  IH,  No  diseernihle  trend  in  the  response  was  noted  between  the 
first  and  second  series  of  tests.  The  actual  installation  of  the  motor 
in  the  vihiatioii  fixture  was  pi'oliahly  more  sijrnifieant  in  terras  of  ehaime 

III  response  than  uere  the  effects  of  ajriiijr  and  enninlative  iLiiiviire. 

The  simnl  hineons  application  of  random  v'ihration  and  aeroheatinc  was 
the  prineip'il  part  of  the  c.apti ve-l  1 i (iht  simulation.  lach  series  of 
simulation  tests  consisted  of  I U eicli'S  of  aeroheat  i lUT/ vi  lira  t i on . The 

Ihermal  cycle  of  -111  to  1 7h  I'  f»r  111)  minutes  and  hack  to  -lU  F eoiisti- 

tiileil  t.he  mo-t  si  (fni  f 1 1 .lilt  load  on  the  motor.  This  thermal  response  is 
exemplified  by  dat.i  plotted  in  Figures  110  and  111,  which  show  the  tem- 
perature jirofile  and  s tress/s ti-a i n iraite  outputs  over  one  aeroheat  cycle, 
lijrure.s  l|o  throiii;h  111  show  the  eye  le-to-cyc  le  response  of  each  oaire  for 
the  lll-cyi  Ic  series  ( ondiictid  in  1071.  The  iiiicei  t a i ii ty  of  the  data  dur- 
ing aeroheat  (rajnd  rati'  of  iem|H‘r.it are  cluinue)  is  lai’ce  because  of  the 
thermal  uradient  near  the  (jajre.s.  Cyc  le-to-<-ycl  e repeatability  of  th<‘ 
iraites  is  demonstrated. 

The  random  vibration  imposed  on  the  motor  was  aikipt.ed  from  flicF.t 
(til.'i  recorded  duriii);  F-Ill  captive  flight  of  a Itomh  lliinnny  Unit  (itDIl) 


I  I- (lor  I I'll  in  ;Vl'IU’l,-TII-7<>-'jl>.  Ik-cunse  ol'  tho  riindoDi  input,  rutlini'  than 
• itli'iiipt  a c_\i  I !■ -ti>-<\V(' I <■  r oiii|>ai  i son , the  rosponso  at  -30  !■  i'(itn  1 i hriuiii 

I I'liipi' la  t lire  ot  the  first  10  tests  was  averatred  to  ohtain  tlie  results 
pliiMi'd  in  I inures  lift  Ihrounh  l'J() . The  input  eontrol,  anain  the  average 
at  the  rmi>>,  shiiwii  in  I inure  llti,  had  an  nils  n level  of  ahoiit  L!  n-  T*"' 
|»'.ik  n.ine  res|iiinse  iieeui  red  on  (lane  N'7-01,  t inure  I2L!,  at  ahoiit  2()0  llert/ 
and  (111  responds  to  a ilwiamie  stress  of  atiout  O.'i  ps  i . 

Near  the  end  ol  the  U-year  test  jieriod,  a second  series  ol  captive- 

II  i nh  I siinu  lat  1 on  test  s was  riui.  The  t(>st  conditions  were  altered 
ariordinn  f"  ni>dated  results  IToni  the  111)1’  cajit i ve-f  1 inht  studies.  The 
aeioheat  thermal  |irofile  was  made  more  severe  in  that  the  case  wall  (at 
llie  inlet  air  location)  was  controlled  to  ahout  IHO  I'\  whereas  in  the 
lir-l  test  si'i'ics  the  inlet  air  was  conti'olled  to  180  1.  This  resulted 

III  ease  I emiierat ures  up  to  33  deni'ees  (l’)  hinher  durinn  the  second 
-cries.  T'lie  random  vihration  input  control  w'as  also  modified  to  I'emove 
input  emi>hasis  at  000  and  1300  Ih'il./ — "resonances"  that  were  estali  I i s lied 
(o  he  a result,  of  the  dat,a  acipi  i s i t i on  system  on  the  llDf,  The  test 

re  - 11 1 I ' wen’  essentially  l.li(‘  same  as  those  from  the  first  test  s(>ries. 

The  ease  thermal  prolile  throiitrh  t,he  10-cycle  test  is  shown  in  I'ieure 
IL'7.  lie  pre  sen  I a I i \ e oaee  lespoiises  are  shown  in  liaures  I'JP,  I'JO,  and 
130.  ( \(  le-to-iycle  re  pea  I a h 1 1 1 t,v  is  demonstrated  in  1 ijiiire  I ‘Js  . Th’ 

\arialion  on  the  normal  stress  naces,  lifriires  120  and  130,  was  caused  li\ 
rro---l,alli  hetween  I lie  dr  data  rer  order  and  the  aiii|ilifiers  used  for 
dynamic  (acj  siiiiial  rerordinn.  The  uve  ra(£e  iii|iut  c out  rol  is  plol.tr'd  in 
liliure  131.  A typical  itai'c  resiionse  , averaged  over  the  10  cycles,  is 
•'ihown  in  I iiiure  132.  The  p<*uk  I'liis  dynamic  stress  of  ahout  O . 'i  ps  i 
o(  l ul  led  at,  ahout  210  llert/.  There  was  no  detei  t^ihle  ri'sponse  heyond 
ahoiit  ti3l)  llert/.  This  is  at.trihiited  to  the  modified  input  control  with- 
out the  overdri  viii(T  at  the  hiirlu'i-  fretpiencies  and  to  the  i iiiproveineni  in 
mo  lor  i ns  ta  I lat  i oil  in  the  ti'st  lixt.iire.  A tiuhter  fit  lie  tween  input 
riiitrs,  motor,  and  fixtiii'e  was  ohtained  (as  a I'esiilt  of  the  leariiiiisi 
process)  for  this  test  series. 


Ill  siuimiary,  tlie  effects  of  Uie  20  <yclcs  of  simulated  captive  flight 
vere  not  detected  in  the  motor  gage  response  to  aeroheat'.ng  or  viln'ation. 
Tliis  is  not  to  say  tlicre  were  no  effects;  hut  within  the  repeatability  of 
(he  tests  and  the  instrumentation  response,  no  deleterious  effects  were 
ole  erV'Cil, 


SI\m.\Ti:i)  FRT;-Yl-:\li  IsTOltUlE 


As  described  jireviously,  both  motors  were  sub.iected  to  ) years  of 
s i mu  la  (,ed  storage  in  a 2-year  test  period.  The  test  covered  temperature 
exlreoies  such  as  might  be  encountered  in  L’.~)  years  of  desert  storage 
(including  thiee  siuraiK-rs)  €aiid  2. 1 yi*ars  of  arctic  stoi'age  (including 
Ihree  winters),  llage  outputs  over  the  2-year  test  are  plotted  chronolog- 
t<ally  in  ligiu'es  133  Uirough  13l<.  Data  for  Motor  'i  were  recorded  on  the 
Air  force  I’ortable  Data  Acquisition  System  from  Day  (>53  to  liay  713. 

■fhe-e  data  are  indicated  by  a (Laslied  line.  Four  of  the  six  clip  gages  in 
Motor  'i , Figure  133,  show  excellent  repeatability  over  the  test  cycles. 
(iag<‘s  C'l-'il  and  show  di'ifts  of  2 to  (|  millivolts  (~  l^  -train), 

e-pei  lally  during  the  tropical  desert  simulation.  Note  tliat  (he  change 
III  output  over  a given  t*-m|M'ratui'e  cycle  reiiiiiins  essentially  constant. 

> I lice  this  shift  occurs  on  two  of  (he  six  gages,  one  would  tend  to 
.ittribute  this  to  gage  drift  such  as  is  ofti'ii  observed  in  stress  gagi‘s 
over  a period  of  time,  llepeatabi  1 1 (,y  of  the  shear  and  stress  gagi's  in 
Motor  'i  is  less  a))i«rent  but  is  equally  present.  No-load  outputs  of 
Uu'se  gages  vary  considerably  wi  th  tomiHi rature  such  tliat  in  some  temiK-ra- 
ture  regimes  little  cluinge  in  output  occurs.  For  observing  time-related 
changes,  howev'ci’,  a direct  comparison  of  millivolt  output  is  sufficient, 
Noimal  stress  gage  outputs  ai’o  corrected  for  inti'nuil  pressure  in  the 
sealed  motors. 

Ihe  same  tyqie  of  dow'iiward  shift  as  noted  on  two  clip  gages  in  Motor 
'i  is  seen  on  all  clij)  gages  in  Motor  7,  Figure  13(i.  Similar  comments  for 
Uie  normal  and  shear  stress  gages  also  apjily. 
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OviTiill,  a larjro  amoiuit  of  (Lit<i  was  Kenfii’oioil  over  the  li-year  test 
In  teims  of  the  proLfram  objectives,  if  any  si(rnificant  aKinu  of 
t he  SKliDM  proiM-lIant  occurred,  i t was  of  less  significance  tlian  the 
lUK  erlainty  in  the  [rajre  response.  Althou(rh  some  shift  cllan^es  in  (rajie 
oiilpiil  are  recorded,  no  niti.jor  trends  tliat  would  indicate  significant 
chaime  in  (jrain  response  duiiiiK  a simulated  j-year  storatte  are  ohserved. 
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('(INCl.l.y](gCS  VNl)  m ni.\L\aM)ATIONS 


1 1]«'  cl'l'irt  c-oiiiliic  tc-(l  on  this  proirrani  was  r.iirly  cMcii'ivo  wlion  i-om- 
IkU'cil  witli  t.lu'  t.y|>iial  ;i[iin(i:  assessinciit  on  a t^ictjial  soliil  ro<  kct  motor-. 
\n  assc.'-im-nl  of  the  tcc-lni i ijnos  used  on  tin-  |n-oirram  led  to  tin-  Idllowiiitf 
I oin  Insi  oil'  : 


I.  Ihi-  nso  in  intornal  i nstriuiiontation  was  ol'  iiiarj;inal 
valni-.  On  this  systom,  at  least,  tin-  dvti-rtod  aiiinu 
i-rr<-rts  aio  niiniiiial.  UiU'oitai  nt\’  in  i n ti- i'|ii-(- t.a  I j on  oT 
naoi'  r(-s|ioiisi-  and  tin-  rate  ol'  .-ifiinir  ol'  tin-  •ranos  tln-iii- 
si-lvi-s,  comhiin-d  with  tin-  (-ITort  r<-<|nir«-il  f i>  install, 
iiuiintiiin,  and  monitor  tin-  irajros  and  to  intoi-prot  tin-  data 
diiiiinisln-s  thoii-  i-l  Tcitivc-nc-ss,  In  I'ntni-i-  applications 
ol  trajr'.-s,  one  should  evalnato  tin-  rost  of  soplii  s t i < a tc-d 

i n - 1 Miiiic-n  t<i  I i on  a[;ainst  tin-  c:ost  of  additional  niotiirs 
that  (Nin  In-  dc-structi  v-^c- ly  c-valiuvtc-d  (ovciti-strd  to  fail- 
ure- and  dissc-ctc-d)  for  aninji  c-ffi-cts.  TIn-rc-  are,  how- 
c-vi-r,  apji I i cat i ons  in  which  irajic-s  would  In-  (-s|x-(  iai  ly 
ii'C-fnl,  c-.ir.  , in  lai-frt-  and  vc-ry  (-\pi  iisivo  motors. 

J.  t'oj-rc- lat  i on  In-tvc-c-n  ajiinir  in  tin-  motor  in  s imiil  ati-d  sc-r- 
vici-  and  lahoialory  adiini  in  e.aitoiis  has  hoc-n  in-itin-r 
provc-n  nor  disprovt-n.  Carton  aifiiii:  rc-utiins  a di-sirahlc- 
fc-atiu-c!  of  any  acrinc  study.  To  In-  fulls  <- ffc-ctivc- , it 
should  In-  initiatt'd  at  tin-  c-iid  of  curt-  and  contiinn-d  ovc-r 
an  i-xti-ndod  period.  It.  would  In-  dc-sirahle  to  c-n-urc- 
(lieiiiical  similitude  (c-xiiosiu'c-  to  .it  mospin- n- , pre.-<-n<(-  of 
linc-r,  etc.)  In-tvceii  tin-  cartons  and  the  motors.  Ilather 
com|iletc-  cluirac  t er  i /a  ti  on  of  the  pi-o|H- 1 I an  t is  reipiirc-d 
since  no  one  parami-lc-r  is  rc-adi  ly  idc-ntified  as  tin-  key 
to  atinjj  definition. 

”.  \n  acci- lei-atc-d  service-life-  simulation  t,e-st  ixise-d  on 

carton  aginn  is  fe-asihle-  and  potential  I \-  accurate-.  (Ine- 
iiia.jor  difficulty  in  its  ilesign  is  the  de- termina  t i on  eif 
which  parameters  tluit  show  cluuiiee-  with  age-  are-  e-ssential 
in  de-fining  motor  aging  rate-.  Such  [lar.ime- te-rs  as  sol-gel 
ratio,  relaxation  mcnluliis,  and  te-risile-  failui-e-  prope-rties 
do  not  silent  the-  same  rates  of  change.  Cumulative  damage-, 
which  is  of  jn-rhaps  equal  or  gi-eater  imjiortjunn- , must  he 
considered  in  de-signing  a sei-vice--l  i fe  simulation  test. 
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'i . \ sitfiii  ficant  tiacklog  ol'  ciivi  ronniorital  (Lata  ii«w  r>.vist  so 

that  a prolvahlo  service  eiivi rtjiunent  for  a given  motor  can 
he  (lel'ined.  A st<lti»tical  analysis  of  tlie  I'elative  I'l'e- 
queney  of  occvuTenci^  of  the  pruhable  envi  rotuiient  in  the 
raoi  or  population  would  he  desirahlc?.  Siicli  an  analysis 
might  !)(■  accomplislied  on  a system  in  the  field.  A new 
system  would  require  consid((rahle  speen lati (m . 


In  addifdon  to  ohservutions  concerning  t<*<liniques , the  follo\ving 
com  lusions  relative-  to  the  pj-ogi-am  ohjectives  aie  [mide-: 


I,  The  mode rat(i-hu rn ing-ra te  lITI’l)  propellant,  TI’-liHUI’i,  shows 
slight  aging  tendencies,  hnt  no  critical  property  degrada- 
tion was  ohser\ed  in  7d  weeks  of  e le  va  ted-teinfx*  ra  I u re  lah- 
orator\  carton  aging  studic-s  or  in  t!  >ears  of  simulated 

s<- rvice-1  ife  testing.  The  possible  exception  to  this  con- 
clusion IS  an  apparent  surface  aging  effect  in  the  cartons. 
Steps  taken  t,o  preclude  exposure  of  carton  propellant  to 
the  atmos|)here  were  apparently  insufficient.  If  the  sever- 
ity of  this  minimal  exposure  is  indicative  of  t lie  hehavior 
ol  this  propellant,  it  should  he  readily  deteited  in  a ]iost— 
dissection  test  of  pro[)e  1 I an  t.  grain  properties. 

J.  rhe  ( ype  motor,  using  TI’-IIHlllt|  prof«- I 1 an  t, , is  striic- 

l.urally  iideijuate  through  1 years  of  iu-service  use.  The- 
acee  1 e r;i  ted  test  progr.ira,  based  on  lahoriitory  tigiiig  dat.i, 
is  generally  iiidicaliv-e  of  1 years  of  rather  hard  fii-ld 
deployment — '.l.T  years  tropic  environment,  'J . ■)  years  arctit 
eii\  1 roiKiK-n t . Motor  instrumentation  indicati’s  slight  cimnges 
in  pro|ieManl  (iro|«- riles  iis  ti  r»‘snll  of  this  simulated  “i- 
year  service  life. 


Ivitlualioii  III  the  i ompa  ra  t i ve  I s different  aiiproachos  tiiUen  on  the 
two  -\~tems  lieing  sindied  tinder  the  A1  IVl  progrtim  is  reserved  until  coin- 
pli  t I on  of  the  second  part  of  the  progrtim. 

siine  the  two  .SKItlt'l-t  v |h-  motor's  have  not  failed  s t riict  ti  ra  I ly  and 
t he  ri-  IS  no  indication  that  their  hallistic  [k- rf  ortiiiince  has  heeii  degraded 
l)\  1 he  li-st.s  to  date,  the  following  reeimmiendal  1 ons  for  their  future  are 


1.  luHtriunciiUitiDii  in  Uicso  motors  is  f'uncti  oii.il  ;inii  iisoliil. 
TIk'it  I'orc , (Icstrncti  vx-  tostiiijj;  siioiilil  lie  dc  l.iyod  to  jxt- 
mli  olil.'i i ni iijr  a maximiini  of  a^inir  daUi. 

■i.  Ikisod  on  I'xiM’iienco , whoroas  a ‘i-yrar  sorvico  1 i I'o  is  ;i 
dosirablf  minimum,  a lO-yrar  oi-  morn  s(>rvic(!  lifo  is 
advan  time  oils.  Witliin  tills  time  I'ranii' , mission  reiiiiiix'- 
miTits  tend  to  ehanjre  and  ]iro|)ellant  stiite  ot  tlio  ai’t 
tends  to  iiua-ease  so  tluit  wlien  a motor  appr oacdies  tlie  end 
of  its  usetul  life,  re(rra Lainjr  can  incorporate  tliese 
elianjfes . 

~>.  Data  thus  fai'  oht<iined  toiretlier  witli  iLit,a  collected  dur- 
ing till'  ,\JiU’I.  in-house  asinii  study  of  TlMIHlilii  (Ref. 
.VJ''Rl’I>-'Jl{-7h-jD)  provide  a basis  for  desiirniiijr  an  impiovi’d 
service-life  simulation  to  extend  the  simulation  to  10 
years  witli  an  additioiuil  11  years  of  testing.  A model  of 
this  program  is  presented  in  the  foHo^»ing  section. 


I, 

\ 


I 
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\ imxlt'l  t«'st  jiliiii  to  oxtonil  t}»‘  simiiiation  of  1 yoars  of  xeivioo 
life-  fo  Id  years  is  described  beltJv.',  l*recise  details,  sucb  as  temj)cra- 
(ure  limits  aiul  weeUs  at  each  temix-rature , are  to  be  defined  leased  on 
ajiiiijr  ilala  from  the  AMMO  jii-onram  and  additional  data  that  m,ay  be  av'iil- 
able  from  l.lie  AUll’L  in-house  a(jin(i  study.  l-'o]  I ou- i im  the  method  ali-eady 
used,  Motor  'i  will  continue  in  simiilate-d  storatre  and  Motor  7 will  lx-  sub- 
.|(•ctl■d  to  additional  captiw-f lijrht  simul.-ition. 

AtT1.1.13l\Tl'.l)  STdllACK  IMllinNiOONT 

fhi-  same  tropi c/ai'ctic  envi i-oium-nts  are  envisioned.  A recommended 
chani:i  to  the  sequence-  of  e.\i)osiii-es  is  illustrated  in  Fijiure  13*'.  Tlie 
ailvantaire-  of  a!  .ssriuitine  arcti c/tr opi e-  storane  is  in  the  ex|H.-cted  |iro- 
L'li-ssive  i m ri-ase-  in  or.iin  stress  e-esponse. 

('  AITIM  -1  Lir.HT  SI  AT  I d\ 

\n  c'lJianced  e-apt  i vt;-f  1 i (£ht-simu  latiem  profile — liijiher  rates  of  heat- 
111-:,  laixe-i-  mmibe-i  of  simulate-d  fli(rhts,  iind  hijrher  miiKiiitude  of  eUniamic 
inpul — I'l' f let- ts  re-ce-iit  e.'one  lusi  ons  rctreireliim  tlie-  capti  ve-f  1 i gh  t e-nvii'on- 
mi-nl  of  t.'ie't.ical  meitoi's  on  high-iie-rformiince,-  aire-raft.  I'i-rure  I Ad  jllu- 
tiale-s  a tyjii  e-a  1 flight  acroheat  profile  for  I etiy.  Tliis  would  Ix- 
repi-at.e-d  for  Id  days  with  possible-  v.'iriati  n in  flu-  colei  soeik  tempe-ra- 
l ure  . 


OMilliT-ST  AND  l)ISSi:nTdN 


After  the-  additioniil  - yenirs  storane  anel  flight  simulation,  an  ovei- 
ti-  l,  probably  eanisisting  of  exposing  the-  motors  to  the-  temperature 
e-\l,i-i-mi-  eif  -Wd  J-'weiulel  be-  made-.  Drope- 1 Dint  strain  e-ajiabi  lities  anel 


i'\lMctc(l  induced  strains  should  nuikc  oxjjosure  to  a roasonal)ly  cold  ex- 
treme a structural-riaw-induciuK  overtest.  llie  presence  of  inner  bore 
clij)  (japes  would  Ik'  ex|)ccted  to  accelerate  failure,  Followinp  inducement 
of  failure  and  an  assessment  of  its  ocoirrence  in  each  of  the  two  motors, 
both  units  would  be  dissected  and  tlie  prop«!llant  thorouptily  cfiaracter- 
izeil. 
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and  Tost  rriteria  for  Aircraft  Stores  diirinjr  Captive  Flijjht,"  Shock  and 
ViliJ-ation  Unite  tin  No,  3D.  Sni>plement,  ID(>9. 
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Figure  20.  Stress  Intensity  Factor  vs  ftalf  CracK  length 
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Figure  33.  Variation  of  Maximum 
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Figure  3'i.  Volume  Change  During  Cure 
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Figure  116.  Captive  Flight  Simulation,  June  1975, 
10-Test  Average,  Input  Control 
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Figure  117.  Captive-Flight  Simulation,  June  1975, 

10— Test  Average,  Accelerometer  3 
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Figure  119.  Captive-Flight  Simulation,  June  1975, 
10— Week  Test  Average,  Accelerometer  5 


Figure  120.  Captive-Flight  Simulation,  June  1975, 
10-Test  Average,  Normal  Gage  N7-57 
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Figure  123.  f aptive-Flight  Simulation,  June  1975, 
10-Test  Average,  Normal  Gage  N7-63 
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Figure  128.  Clip  Gage  C7-36  Response,  Second 
Captive-Flight  Simulation  Test 
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Figure  I3I.  Input  Control,  Second  Series  Random  Vibration 


Figure  132.  Gage  N7-61  Itaiidom  Vibration 
Kespon.se,  Second  Series  Test 
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Figure  133-  Clip  Gage  Response  During  Two-Year  Storage  Test,  Motor  4 
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Figure  133-  Continued 


Fi(ture  133.  Continued 
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Figure  13^.  Normal  Gage  KeapoaBe  During  Two-Year  Storage, 
Motor  4 


Figure  Continued 
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Figure  135-  Shear  Gage  Response  IXiring  Two-Year  Storage  Test, 

Motor  \ 
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Figure  135.  Continued 
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Figure  13*J.  Continued 


Figure  137.  Continued 
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Figure  158.  ContiQued 
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